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ABSTRACT 

This  report  details  the  results  of  a  research  project  conducted  at  the  Georgia 
Institute  of  Technology  which  investigated  methods  for  improving  cut  order 
planning  in  apparel  manufacturing.  The  project  had  two  complementary  objectives. 
The  first  objective  was  to  investigate  existing  solution  methodologies  for  the  cut 
order  planning  problem.  Alternate  commercial  software  packages  were  examined 
and  their  performances  comparatively  analyzed,  using  testbed  data  representative  of 
industrial  problems.  The  second  objective  was  the  theoretical  analysis  of  the  cut 
order  planning  process  and  the  development  of  appropriate  solution  algorithms. 

The  results  of  this  research  provide  important  insights  into  the  state-ot-the 
art  in  COP  solution  methods.  A  mathematical  model  of  the  COP  problem  was 
developed  to  facilitate  problem  specification  and  to  initiate  heuristic  development. 
As  a  result  of  the  complexity  analysis,  the  COP  problem  was  shown  to  be 
sufficiently  complex  that  heuristic  methods  are  the  only  reasonable  means  of  finding 
solutions  in  real  time.  New  methods  were  developed  which  perform  as  well  as  or 
better  than  those  used  in  existing  commercial  packages.  These  algorithms  have 
been  implemented  in  a  prototype  software  package  for  easy  incorporation  into 
exisiting  commercial  software,  and  will  be  transferred  to  industry  through  a 
participating  software  vendor. 
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1,0  Introduction 


1.1  Overview 

To  reestablish  a  competitive  position  in  the  international  marketplace,  the  apparel 
industry  is  focusing  on  upgrading  its  responsiveness  to  customer  needs.  Smaller  orders 
are  placed  in  a  more  dynamic  fashion,  forcing  the  efficient  production  of  smaller  lots. 

Responsive  and  economical  production  of  apparel  products  depends  upon  the 
interaction  of  many  components,  one  critical  component  being  an  efficient  workflow 
control  system.  The  cut  order  planning  (COP)  process  is  a  dynamic  one  in  that  the 
procedure  must  respond  to  the  ever  changing  status  of  many  critical  factors  such  as 
sales,  inventory  levels,  raw  materials,  and  labor  and  equipment  availability.  The  variety 
of  sizes,  styles,  fabrics,  and  colors  induces  significant  complexity  in  this  problem. 
Adding  to  the  complexity,  and  thus  potentially  increasing  total  production  costs,  are 
such  considerations  as  setup,  or  changeover  costs,  the  question  of  appropriate  lot  sizes, 
the  necessity  to  meet  customer  demand,  and  the  importance  of  making  competitive 
delivery  promises. 

This  project  has  undertaken  the  study  of  improving  systems  for  cut  order  planning  to 
improve  the  productivity  and  competitiveness  of  apparel  manufacturers. 

1.2  Scope  of  the  Project 

The  objective  of  this  project  has  been  to  investigate  appropriate  methodologies  for  cut 
order  planning.  First,  existing  software  packages  have  been  examined  and  their 
performances  comparatively  analyzed,  utilizing  testbed  data.  Second,  a  theoretical 
analysis  of  the  cut  order  planning  process  has  been  performed  and  appropriate 
algorithms  developed.  The  approach  derived  from  the  theoretical  analysis  has  been 
implemented  in  a  prototype  software  package  developed  for  the  purposes  of 
experimentation  and  evaluation  of  the  algorithm. 

Two  products  have  resulted  from  this  research.  First  i-;  an  understanding  of  the 
relative  performance  of  currently  available  software  for  cut  order  planning  and  the 
relative  priorities  of  the  cost  drivers  for  the  planning  decisions.  Second  is  a  set  of  new 
algorithms  implemented  in  a  prototype  software  package  which  have  been  structured  for 
future  integration  into  commercially  available  software  systems. 


1.5  Problem  Definition 


The  Cut  Order  Planning  problem  can  be  succinctly  described  in  terms  of  input, 
output,  and  objective: 

Given  an  order  to  be  cut,  the  input  to  the  problem  consists  of: 

The  sizes  required  for  the  order, 

The  quantity  of  each  size  to  be  cut, 

The  total  perimeter  inches  of  each  pattern  piece  required  for  the  cut, 

The  total  area  of  the  pattern  pieces  required  for  the  cut, 

The  front/back  sequence  (1  or  2  ply  per  cut),  and 

The  standards  for  spreading  (marker  fixed  costs,  marker  variable  costs,  cost  to 
copy,  minimum  and  maximum  plies,  number  of  sizes  per  marker,  cutting 
costs,  cutting  speed,  and  cutting  setup). 

The  output  from  the  cut  order  planning  process  then  consists  of  the  following: 

The  sizes  to  be  combined  in  each  section  of  the  marker, 

The  estimated  efficiency  of  the  marker  (in  percent  of  fabric  utilization), 

The  cutting  cost  per  unit, 

The  total  perimeter  to  be  cut,  and 
The  total  area  to  be  cut. 

The  objective  of  the  cut  order  planning  problem  is  to  minimize  costs,  with  a  tradeoff  to 
be  made  between  cutting  costs  and  fabric  costs.  The  key  decisions  to  be  made  arc  the 
number  of  sections  required  to  fill  the  order,  ply  height  in  each  section,  and  the  sizes  to 
be  cut  in  each  section.  The  output  of  which  sizes  are  to  be  combined  in  each  section  of 
the  marker  is  passed  on  to  the  marker  making  function  for  actual  determination  of  the 
marker  itself.  In  Section  3. 1 ,  a  mathematical  model  of  the  cut  order  planning  problem 
is  developed  based  on  this  verbal  outline  of  the  problem. 

The  above  description  of  the  problem  seems  to  be  the  traditional  one  taken  by  most 
of  the  software  vendors  currently  marketing  systems  for  solving  the  cut  order  planning 
problem.  Figure  1 . 1  illustrates  the  steps  of  traditional  COP.  However,  it  is  the  view 
of  the  researchers  that  cut  order  planning  should  be  integrated  into  a  shop  floor  control 
setting  where  a  more  "systems"  view  of  the  world  is  taken. 

Because  cut-order  planning  is  the  initial  step  in  the  release  activity  of  shop  floor 
control,  it  has  significant  impact  on  the  performance  of  downstream  production 
functions.  Currently  COP  is  performed  independently  of  subsequent  assembly 
operations.  In  order  to  make  the  entire  production  system  more  efficient  and  more 
responsive  to  customer  needs,  a  more  comprehensive  approach  is  to  integrate  COP  into 
the  strategic  and  tactical  decision  making  associated  with  the  oveiall  production  system. 


As  illustrated  in  Figure  1.2,  the  COP  process  should  be  extended  in  the  future  to 
explicitly  consider  tradeoffs  between  downstream  efficiencies,  cutting  and  fabric  costs, 
and  the  impact  of  needed  smaller  lot  sizes.  These  interactions  should  capture  in  both 
COP  an  activity  itself  as  well  as  a  better  designed  production  planning  and  control 
system  which  optimizes  the  work  release  impact  from  the  COP. 

List  of  pending  orders 


Decision:  Which  order(s)  should  be  processed 
this  time  period? 


"Traditional"  COP 

Determine:  which  orders  to  cut  together 
number  of  sections 
which  sizes  in  each  section 
ply  height  and  length  of  each  section 

Minimize  costs:  fabric,  cutting  and  spreading  labor 
marker  making 

Subject  to:  spreading  restrictions:  height  and  length 
grouping  restrictions 
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Figure  1 . 1  Traditional  Cut  Order  Planning 


2.0  Project  Activities 


This  project  has  been  conducted  in  two  phases.  In  the  first  nine  months  of  the 
project,  efforts  were  concentrated  on  an  investigation  of  existing  software  packages.  In 
the  second  nine  months,  mathematical  models  and  corresponding  algorithms  were 
developed  and  experimentation  was  conducted.  This  project  began  in  September,  1989 
and  was  finished  in  May,  1991. 

2.1  Investigation  of  Existing  Software  Packages 

Initially  thirteen  vendors  of  COP  software  systems  were  contacted.  A  positive 
response  was  received  from  eight  of  these  companies  expressing  interest  in  project 
participation.  Vendor  software  was  obtained  from  two  of  these  8  companies  to  solve  the 
problem  described  in  Section  1.3.  Each  of  the  obtained  packages  executed  in  a  similar 
computing  environment  (e.g.,  a  DOS-based  PC  platform).  In  later  sections  of  the 
report,  these  packages  will  be  referred  to  as  Package  A  and  Package  B. 

Based  on  representative  data  supplied  by  an  apparel  manufacturer,  a  tested  data 
set  was  developed.  This  data  set  is  described  in  more  detail  in  Section  3.2  of  this  report, 
and  listed  in  Appendices  A  and  B.  The  relative  performance  of  the  software  packages 
were  investigated  experimentally  by  running  each  one  against  the  testbed  data.  Measures 
of  performance  were  efficiency  and  effectiveness.  The  efficiency  was  evaluated  in 
terms  of  computational  time  and  ease  of  use.  The  effectiveness  was  measured  in  terms 
of  the  objective  function,  a  total  weighted  value  of  fabric  cost  and  cutting  costs. 

2.2  Theoretical  Analysis  of  Cut  Order  Planning 

In  order  to  effectively  analyze  the  COP  problem,  it  is  necessary  to  model  the 
problem  mathematically.  Other  problems  which  seem  to  have  similar  structure  to  the 
COP  problem  include  the  cutting  stock  problem  (e.g.,  Elsayed  and  Shetty,  1988; 

Farley,  1988;  Gilmore  and  Gomory,  1961;  and  Hinxman,  1980),  bin  packing  problems 
(e.g.,  Martello  and  Toth,  1990;  Eilon  and  Christofides,  1971;  and  Johnson  et  al., 

1974),  the  knapsack  problem  (e.g.,  Martello  and  Toth,  1990),  and  location-allocation 
problems  (e.g.,  Tompkins  and  White,  1984;  and  Francis  and  White,  1974).  In  addition 
to  the  mathematical  basis  for  the  problem,  the  modeling  process  relied  heavily  on 
discussions  with  vendors,  industrial  contacts,  and  other  AMTC  personnel  who  are 
knowledgeable  of  the  COP  problem. 

As  discussed  in  more  detail  in  Section  4,  the  COP  problem  is  a  combinatorial 
one,  indicating  that  heuristic  solution’methods  are  appropriate.  Based  on  the  problem 
definition  given  in  Section  1.3,  a  mathematical  model  was  constructed.  This  model  was 
evaluated  for  its  accuracy  and  completeness,  and  as  an  indicator  of  possible  solution 


methods.  As  this  model  was  studied  and  refined,  an  ongoing  review  of  relevant 
literature  was  conducted  as  the  basis  for  an  effective  solution  algorithm. 

Solution  methodologies  for  the  developed  model  were  developed  and  then 
implemented  into  prototype  software  for  solving  the  COP  problem.  Section  4.2 
describes  the  implementation.  This  prototype  was  used  for  theoretical  evaluation  of  the 
methodology  and  for  empirical  studies  utilizing  the  testbed  data,  as  described  in  Section 
4.3. 

2.3  Evaluation  and  Experimentation 

Once  the  prototype  system  was  constructed,  a  process  of  evaluation  and 
refinement  was  conducted.  This  process  finetuned  the  effectiveness  of  the  imbedded 
methodologies  and  the  efficiency  of  the  implementation.  Theoretical  evaluation 
investigated  several  alternative  approaches,  as  indicated  in  those  sections.  Empirical 
evaluation  was  conducted  by  running  the  prototype  against  the  testbed  data,  as  was  done 
for  the  existing  packages.  A  comparative  evaluation  of  the  prototype  was  executed 
based  on  these  experiments  and  the  results  are  described  in  Section  4.4. 

Following  discussion  of  the  experimentation,  conclusions  and  recommendations 
are  made  in  Section  5.0.  The  participating  vendors  are  being  encouraged  to  incorporate 
the  prototype  software  into  a  commercial  package  so  that  the  results  of  this  research  can 
be  effectively  assimilated  into  the  apparel  industry. 

3.Q  Existing  Commercial  Packages 
3.1  Introduction 

Listed  in  Section  6.0  are  the  references  which  were  examined  when  the 
existing  literature  was  searched  for  potential  software  packages  to  solve  the  Cut 
Order  Planning  problem.  These  packages  ranged  from  simple  bookkeeping 
packages  to  large  systems  that  incorporate  planning  and  execution  aspects  (e.g., 

Anon,  1987,  Anon,  1988-B,  and  Kurt  Salmon  Assoc.,  1987).  Some  packages 
reviewed  were  found  to  be  inadequate  by  the  users. 

In  order  to  insure  a  fair  comparison  in  the  experimental  portion  of  the 
research,  only  packages  that  run  under  MS-DOS  on  1BM-PC  compatible  computers 
were  considered.  There  are  two  packages  for  solving  Cut  Order  Planning 
considered  in  this  report.  In  order  to  protect  the  proprietary  nature  of  the 
commercial  software  systems,  these  will  be  referred  to  as  Package  A  and  Package 
B.  The  performance  of  these  packages  were  compared  using  an  approach  based  on 
statistical  analysis. 
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3.2  Design  of  Experiment 
3.2.1  Approach 

To  investigate  the  performance  of  existing  commercial  packages  for  cut 
order  planning,  a  series  of  "trials'1  or  "experiments"  was  deemed  appropriate  on  a 
testbed  data  set  which  was  representative  of  actual  industry  problems.  However, 
since  there  are  literally  an  infinite  number  of  runs  or  trials  which  could  be 
performed,  the  series  of  experiments  was  carefully  designed  in  order  to  facilitate  the 
maximum  possible  understanding  and  insight  from  the  experimental  effort 
expended.  Therefore,  the  powerful  tools  of  statistical  analysis  were  used  to  design 
the  series  of  tests  that  were  performed  upon  the  two  existing  commercial  software 
packages. 

Based  on  the  examination  of  several  options,  an  experimental  design  scheme 
was  selected  to  screen  for  the  most  important  factors  affecting  the  cost  performance 
of  the  packages.  By  efficiently  organizing  the  variable  settings  in  the  set  of 
experiments  performed,  stronger  statements  could  be  made  about  the  objective 
performance  results.  Observations  only  would  be  taken  for  subjective  performance 
characteristics  such  as  user  friendliness,  ease  of  making  changes,  and  relative  run 
times. 

For  the  screening  trials,  a  frequently  used  Plackett-Burman  (1946)  design 
for  12  runs  was  employed.  Plackett-Burman  designs  are  two-level  fractional 
factorial  designs  for  studying  k  =  N  -  1  variables  in  N  runs,  where  N  is  a  multiple 
of  4.  With  a  mathematical  structure  which  gives  them  the  ability  to  screen  for 
almost  as  many  main  effects  as  the  number  of  runs  performed,  these  designs  are  in 
the  family  of  Resolution  III  fractional  factorial  designs  (Montgomery,  1984). 

For  the  non-statistician,  the  terms  used  in  the  paragraph  above  can  be 
readily  understood  on  examination.  These  terms  translate  as  follows.  The  term 
two-level  means  that  every  factor  in  the  experiment  can  take  on  only  one  of  two 
values.  For  example,  in  the  experiment  described  below,  the  cost  of  the  fabric  is  a 
factor.  In  order  to  screen  to  see  if  fabric  cost  significantly  affects  the  performance 
of  the  package,  a  "low"  fabric  cost  and  a  "high"  fabric  cost  were  used  as  alternate 
settings  for  this  factor.  Since  the  runs  were  used  to  screen  for  the  most  important, 
or  significant  variables,  the  value  settings  for  each  variable  were  spread  greatly 
apart  between  "low"  and  "high"  in  order  to  facilit  te  the  detection  of  differences. 

Another  important  term  is  fractional  factorial  design.  This  term  denotes  that 
the  experiment  recognizes  the  need  to  run  only  a  portion,  or  fraction,  of  the 
potentially  large  permutation  (or  factorial)  of  factor  level  settings.  In  the  design 
employed  in  this  project,  a  full  factorial  design  to  investigate  8  factors,  where  each 

factor  takes  two  different  values,  would  require  2^  or  256  runs.  Instead,  only  a 
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portion,  or  fraction,  of  the  complete  factorial  design  was  used  which  only  required 
12  runs.  The  12  runs  gave  the  ability  to  detect  the  significant  contribution  of  main 
factors,  at  a  price  of  losing  the  ability  to  discriminate  higher  order  interactions. 

The  discrimination  ability  is  denoted  by  the  resolution,  in  this  case  as  indicated  by 
the  term  Resolution  III. 

3.2.2  Design 

The  design  scheme  for  the  experimental  evaluation  of  each  of  the  two 
packages  of  existing  commercial  software  for  cut  order  planning  was  a  twelve  run 
eight  factor  Plackett-Burman  design.  This  means  that  twelve  runs  or  trials  were 
performed  on  Package  A  and  on  Package  B  in  order  to  detect  any  significant 
contribution  by  eight  factors  of  interest.  Because  a  total  of  eleven  factors  can  be 
studied  in  a  12-run  Plackett-Burman,  and  only  eight  were  to  be  examined,  the 
remaining  three  possible  factors  were  treated  as  dummy  variables  in  order  to 
improve  the  estimate  of  experimental  variation. 

The  first  experimental  step  involved  the  brainstorming  of  all  potential  factors 
which  might  affect  the  cut  order  planning  solution.  Based  on  this  list,  an  initial 
pilot  study  reduced  the  feasible  and  practical  experimental  factors  to  eight.  The 
eight  factors  selected  are  indicated  in  Table  3.2.1,  along  with  a  list  of  the  "low"  and 
"high"  values  selected  for  the  screening  experiment.  These  values  were  selected 
from  a  set  of  actual  industry  data  and  are  considered  representative  of  a  typical 
problem  that  the  commercial  software  might  encounter. 


Table  3.2, 1  Factors  for  the  Plackett-Burman  Design 


Factor 

Label 

Factor  Description 

Values  Used 

A 

Fabric  Cost 

$0.50  or  $10.00 

B 

Number  of  Pieces  in  the  Order 

48  or  1200 

C 

Distribution  of  Sizes  In  Order 

BSSSS3ESESS3!i 

D 

Number  Sizes  Within  Order 

1  or  6 

E 

Cutting  Labor  Cost 

$10  or  $30 

F 

Spreading  Labor  Cost 

$8  or  $25 

G 

Maximum  Ply  Height 

47  m  or  108  m 

H 

Order  Filling  Requirements 

UK 

Estimating  Sample  Error 

Most  of  the  "low"  and  "high"  values  in  Table  3.2.1  are  self-explanatory. 
However,  the  values  for  Factor  C  ,  distribution  of  sizes  in  order,  and  Factor  H, 
order  filling  requirements,  need  further  explanation.  Factor  C  describes  the  way 
the  order  is  distributed  over  the  sizes.  When  Factor  C  is  set  on  "low,"  the  order 
contains  the  same  number  of  parts  needed  for  each  size  in  the  order.  The  term 
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uniform  is  used  to  denote  this  condition  because  the  order  is  uniformly  spread  over 
the  sizes.  On  the  other  hand,  when  Factor  C  is  set  to  "high,"  the  order  is  spread  in 
a  very  nonuniform  way  over  the  sizes  (when  there  is  more  than  one  size  in  the 
order).  When  Factor  C  is  set  to  "high"  (denoted  spike)  and  there  are  six  sizes  in  the 
order  (Factor  D  is  set  to  "high")  ,  then  the  order  profile  used  in  the  experiments  is 
shown  in  Table  3.2.2. 

Table  3.2.2  Order  Profile  with  Factor  C=high  and  Factor  D=high 


Number  of  Pieces  in  Order 
(Factor  B) 

48  pieces 

1200  pieces 

Size  30 

6 

163 

Size  32 

9 

239 

Size  34 

25 

599 

Size  36 

2 

45 

Size  38 

5 

124 

Size  40 

1 

30 

The  two  settings  for  Factor  H  in  Table  3.2.1  also  need  further  explanation. 
Factor  H  describes  the  conditions  under  which  an  order  must  be  filled;  more 
precisely,  it  determines  whether  the  solution  must  fill  the  exact  quantities  for  each 
size  in  the  order  (the  "low"  setting,  denoted  exact),  or  if  overages  or  underages  are 
allowed  in  filling  the  order  (the  "high"  setting,  denoted  approx).  For  this  test  the 
approx  setting  for  Factor  H  permitted  a  solution  of  up  to  ten  units  over  or  under  the 
order  specification. 

The  combinations  of  these  eight  factors  which  made  up  the  twelve  runs  for 
the  Plackett-Burman  design  are  depicted  in  Table  3.2.3.  This  table  lists  the  settings 
for  each  factor  level  using  a  notation  which  is  standard  for  experimental  design.  In 
this  notation,  a  factor  which  is  to  be  set  at  its  "high"  value  for  the  run  is  indicated 
by  its  capital  letter.  A  factor  which  is  to  be  set  at  its  "low"  value  for  the  run  is 
either  omitted  altogether,  or  is  indicated  by  its  lower  case  letter.  To  see  how  this 
notation  works,  consider  Run  1  from  the  experiment.  This  run  is  denoted  by  the 
code  ABDEFJ,  which  means  for  this  run,  factor  A,  fabric  cost ,  will  be  set  at  its 
"high"  value  ($10  from  Table  3.2.1);  factor  B,  number  of  pieces  in  the  order,  will 
be  set  at  its  "high"  value  (1200);  factor  C  (which  does  not  appear  in  the  notation), 
distribution  of  sizes  in  order,  will  be  at  its  "low"  value  (uniform),  etc. 

In  addition  to  the  Plackett-Burman  design  runs  defined  in  Table  3.2.3,  one 
more  trial  was  run  with  all  factors  set  at  their  "high"  settings  in  order  to  perform 
validation  of  the  results. 
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Table  3.2.3  Factor  Combinations  Observed 


Run  No. 

Factors 

Observed 

1 

ABDEFJ 

2 

ACDEIK 

3 

BCDHJK 

4 

ABCGU 

5 

ABFHIK 

6 

AEGHJK 

7 

DFGUK 

8 

CEFHU 

9 

BDEGHI 

10 

ACDFGH 

11 

BCEFGK 

_ 12 _ 

abcdefghikj 

For  each  of  the  twelve  trials  performed  on  Package  A  and  on  Package  B, 
each  of  the  eight  factors  were  preset  at  the  values  given  in  Table  3.2.3.  Then  the 
software  package  was  run,  and  information  was  collected  about  the  resulting 
solution.  In  this  case,  seven  different  performance  characteristics  were  measured 
for  each  solution  obtained.  The  seven  output  parameters  were: 

1.  Total  Cost  ($) 

2.  Number  of  Patterns 

3.  Number  of  Sections 

4.  Total  Ply  Count 

5.  Number  Units  Over  Demand  Required 

6.  Number  Units  Under  Demand  Required 

7.  Fabric  Utilization 


3.3  Package  A  Results 

Appendi:-.  A  contains  the  complete  computer  output  from  the  expenmental 
runs  for  Package  A.  The  summary  of  performance  measure  results  of  the  twelve 
Plackeit-Burman  runs  and  the  additional  validation  run  are  shown  in  Table  3.3.1. 
As  shown  in  the  trble,  for  the  single  ran  predictive  check  based  on  the  high 
settings  consistent  results  were  obtained. 


i 
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Table  3.3.2  shows  the  effects  of  the  eight  factors  on  the  seven  performance 
variables  in  value  and  as  a  percentage.  These  effects  can  be  tested  for  significance  by 
comparing  their  relative  magnitude  with  the  "background  noise"  or  inherent  randomness  of 
the  system,  which  is  measure  using  the  results  from  the  three  dummy  variables.  This 
measure  of  underlying  randomness  is  denoted  the  Mean  Square  Error,  or  MSE.  If  the 
effect  of  a  variable  is  less  than  or  close  to  the  MSE  value,  then  it  is  interpreted  as  having 
unimportant  impact  on  the  resulting  performance  measure. 


I 

I 
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For  example,  examine  the  effects  on  the  total  cost  (indicated  by  the  row  for  A$  in 
Table  3.3.2).  The  fabric  cost,  number  of  pieces  in  the  order,  and  the  number  of  sizes  in 
the  order  were  significant  contributors  to  overall  price  (more  than  two  MSEs  in 
magnitude).  Conclusions  can  be  drawn  in  a  similar  fashion  for  the  significant  factors  which 
affect  the  number  of  patterns  required  (indicated  by  the  "Pattern"  row  in  Table  3.3.2). 
Distribution  of  sizes  within  an  order  and  number  of  sizes  in  an  order  were  significant 
contributors  to  number  of  patterns  required.  For  the  third  performance  measure,  number 
of  sections  required,  fabric  cost,  number  of  pieces  in  the  order,  number  of  sizes  in  the 
order,  cost  of  spreading  labor  and  maximum  ply  height  were  significant  contributors  to 
determine  the  number  of  sections  required.  Number  of  pieces  in  the  order  was  the  only 
significant  factor  in  determining  total  ply  requirements.  Fabric  cost  and  maximum  ply 
height  contributed  to  the  determination  of  fabric  utilization. 
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3.3.1  Conclusions  for  Package  A 

The  analysis  indicated  the  performance  measures  were  not  sensitive  to  most 
of  the  factors.  This  may  be  due  to  higher  order  interactions  blanketing  the  effects 
or  several  other  explanations.  It  may  be  partially  explained  by  the  loss  of 
information  associated  with  converting  the  information  into  a  form  usable  by  the 
package.  It  may  also  be  partially  explained  by  the  methodology  utilized  in  package 
A  to  solve  the  problem.  The  strongest  conclusion  which  can  be  drawn  appears 
to  be  the  extremely  large  impact  of  fabric  cost  on  total  cost.  Not  only  does  the 
conclusion  make  logical  sense  from  the  problem  environment,  but  is  a  fact  which 
can  be  capitalized  upon  for  solution  of  the  cut  order  planning  problem. 

3.3.2  Subjective  Observations  on  Package  A 

The  data  displays  in  Package  A  were  well  laid  out  and  the  menu  system  kept 
the  user  from  doing  anything  detrimental  to  the  data  or  the  package.  The  package 
forces  the  user  to  describe  the  problems  in  terms  useful  to  the  package;  sometimes 
these  were  not  in  terms  useful  to  the  operator.  For  example,  Dynamic  Table  was 
used  instead  of  the  effects  of  multiple  patterns  in  a  section.  Batch  runs  were 
awkward  because  both  the  order  information  and  the  parameter  set  changed  for  each 
run.  The  system  only  allowed  for  running  batch  orders  with  the  same  default 
parameters.  However,  Package  A  finds  solutions  to  the  cut  order  planning  problem 
quickly  (on  the  order  of  a  few  seconds)  and  a  counter  was  incremented  on  the 
screen  to  let  the  user  know  that  things  were  progressing. 
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3.4  Package  B  Results 


An  identical  protocol  was  followed  for  the  testing  of  Package  B.  Appendix 
B  contains  the  complete  computer  output  from  the  experimental  runs  for  Package  B. 

The  results  of  the  twelve  Plackett-Burman  runs  and  the  additional  validation  run  are 
shown  in  Table  3.4.1.  For  the  single  run  predictive  check  based  on  the  high 
settings,  consistent  results  were  obtained. 

For  the  results  obtained  for  Package  B,  Table  3.4.2  shows  the  effects  of  the  eight 
input  variables  on  the  seven  output  variables  in  value  and  as  a  percentage.  As  before, 
comparing  the  values  to  the  MSE  leads  to  appropriate  conclusions  concerning  the 
significance  of  each  factor.  For  Package  B,  the  total  cost  of  a  solution  is  significantly 
affected  by  fabric  cost  and  number  of  pieces  in  the  order.  The  number  of  patterns  required 
is  significantly  affected  by  the  number  of  sizes  in  an  order  and  the  maximum  ply  height. 
The  number  of  sections  required  is  significantly  affected  by  number  of  pieces  in  the  order, 
number  of  sizes  in  the  order,  and  maximum  ply  height.  Number  of  pieces  in  the  order  was 
the  only  significant  factor  in  determining  total  ply  requirements.  Fabric  cost  and  maximum 
ply  height  contributed  to  the  determination  of  fabric  utilization. 
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3.4.1  Conclusions  for  Package  B 

The  conclusions  for  Package  B  are  very  similar  to  those  for  Package  A. 
Again,  the  analysis  indicated  that  the  performance  measures  were  not  sensitive  to 
most  of  the  factors.  As  for  Package  A,  there  are  plausible  several  explanations  for 
this  result.  However,  the  mosi  significant  result  of  Package  A  is  again  confirmed  by 
the  experiments  done  for  Package  B:  fabric  cost  has  an  overwhelming  impact  on 
the  total  cost.  This  conclusion  is  exploited  later  in  the  heuristic  development 
portion  of  the  project. 

3.4.2  Subjective  Observations  on  Package  B 

Package  B  was  fully  menu  driven,  making  it  easy  to  use.  All  necessary 
commands  were  given  on-screen.  The  package  provides  capabilities  for  storing  and 
retrieving  parameters  which  reduced  setup  time  for  each  run.  The  package 
displayed  a  summary  of  markers  after  it  had  completed  calculations.  The  summary 
was  brief  and  provided  no  detailed  information.  To  read  the  complete  report  it  was 
necessary  to  exit  the  package  and  open  a  text  editor.  This  became  time  consuming 
when  several  runs  were  made. 


3.5  Conclusions  on  Existing  Commercial  Software 

The  objective  of  the  first  phase  of  this  project  was  to  investigate  existing 
solution  methodologies  for  the  cut  order  planning  problem.  Two  alternative 
commercial  software  packages  were  examined  and  their  performance  analyzed, 
utilizing  testbed  data  representative  of  industrial  problems. 

Given  the  analysis  performed  on  individual  packages,  it  seems  reasonable 
compare  their  relative  performance.  However,  for  the  data  available  and  the 
statistical  test  procedures  employed,  this  was  not  possible  based  on  the  underlying 
implicit  assumptions  used  in  each  of  the  packages.  For  example,  each  package  had 
its  own  method  (with  different  results)  for  estimating  the  marker  length  of  a 
particular  size  combination  within  a  section.  Since  this  estimate  directly  determined 
the  amount  of  fabric  required  and  thus  the  cost  of  the  section,  the  "total  cost" 
performance  measure  of  each  package  was  directly  dependent  on  the  marker 
length  estimation  procedure.  Since  actual  marker  making  was  beyond  the  scope  of 
this  project,  estimates  had  to  be  used  and  thus  no  relative  comparisons  on  the 
performance  measures  can  be  drawn. 

One  of  the  most  useful  results  from  these  empirical  studies  on  existing 
commercial  software  is  the  following:  for  all  packages  studied  and  corresponding 
marker  estimation  techniques,  total  cost  is  driven  by  fabric  cost.  By  focusing  on 
fabric  cost,  a  direct  method  to  reduce  the  total  cost  resulting  from  the  cut  planning 
step  is  derived. 


4.0  Theoretical  Analysis  of  Cut  Order  Planning 
4.1  Mathematical  Model 

In  this  section  a  mathematical  model  of  the  cut  order  planning  problem  is 
presented  for  a  more  precise  statement  of  the  problem.  In  addition,  this  model  will 
be  helpful  in  discerning  the  mathematical  complexity  of  COP  and  for  further 
algorithmic  development. 

The  model  is  presented  as  follows.  First,  the  parameters  of  the  problem  are 
listed.  Then,  the  decision  variables  are  defined.  Finally,  the  objective  function  and 
constraints  are  formulated.  Explanation  and  discussion  of  the  model  are  given  a? 
needed  throughout  the  section. 


Problem  Description  and  Parameters:  The  problem  comprises  an  order  to  be  cut 

consisting  of  sizes  s  =  1,2 . S.  The  notation  ds  will  represent  the  number  of 

units  of  size  s  required  to  fill  the  order,  The  marker  for  the  order  will  contain 
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sections]  =  1,  2,  J.  The  combination  and  multiples  of  sizes  used  in  a  section 
of  the  marker  is  denoted  by  index  i.  For  example: 

i _ siz<LC£>mk 

1  s,m 

2  s 

3  m,l 

4  3m 

5  2s, m 
...  etc. 

If  all  size  combinations  are  allowed,  i  =  1,  2,  ...,  2S1  plus  all  feasible 
multiples  of  any  size.  This  number  car*  be  reduced  by  allowing  for  only  a  limited 
number  of  sizes  to  be  combined  in  a  section.  The  letter  I  represents  the  upper  limit 
on  the  index  i. 

1;  -  length  of  fabric  required  to  cut  size  combination  i  (estimate), 

e,  =  number  of  cutting  ( <  =  perimeter)  length  units  in  the  pattern  for  size 
combination  i. 

M,  =  increased  cost  of  marker  making  due  to  size  combination  i. 
dsl  =  number  of  units  of  size  s  in  size  combination  i. 

Qther.Parameters; 

1 .  c  =  fabric  cost  per  length  unit  (normally  yards  or  meters). 

2.  P  =  maximum  ply  height. 

3.  L  =  maximum  spread  length. 

4.  T  =  labor  cost  for  time  required  to  spread  one  length  of  the  table. 

5.  U  =  cost  per  perimeter  length  unit  for  cutting. 

6.  6B  =  number  of  units  allowed  to  be  produced  over  or  under  the  total 
units  in  the  order 

Decision  Variables:  There  are  two  sets  of  integer  decision  variables  representing 
the  ply  height  of  a  section  and  the  assignment  of  sizes  to  a  section. 

1.  y^  =  ply  height  of  section],  y^  =  0,  1,  2,  ....  P. 

2.  xy  =  1  if  size  combination  i  is  assigned  to  section  j 

=  0  otherwise. 

Objective: 

The  objective  of  the  cut  order  planning  problem  is  to  minimize  the  total  cost 
of  cutting  the  order,  including  the  cost  of  fabric  and  labor.  Specifically,  these  costs 
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are  actual  fabric  costs,  spreading  costs,  cutting  costs  and  the  impact  on  marker 
making  costs. 

1 .  Fabric  Cost:  c  ^  is  the  fabric  cost  of  1  layer  of  size  combination  i  in  any 
section.  Thus,  the  total  fabric  cost  over  all  sections  j  and  all  size  combinations  i  is: 

E  E  cljy^ 

j«l  i-1 


2.  Spreading  Cost:  1;  is  the  length  of  fabric  required  to  cut  size  combination  i  in 
L 

any  section.  Thus,  —  is  the  fraction  of  the  table  length  needed  m  spreading  the 


section  for  size  combination  i  in  any  section  and  T  —  is  the  labor  cost  for  spreading 


a  one-ply  section  containing  size  combination  i.  Hence,  T  —  yj  is  the  total  cost  of 

spreading  size  combination  i  in  section  j,  and  the  objective  function  term  for 
spreading  cost  is: 


l  JL  1 

E  E  T  y;  X;j 

j«i  i=i  L 


3.  Cutting  Cost:  e,  =  the  total  number  of  cutting  inches  in  the  pattern  for  size 
combination  i.  Thus,  U*ej  is  the  cost  of  cutting  size  combination  i,  and  the 
objective  function  term  is: 

i  i 

I  E  Ue,  xtj 

j=i  i-i 


4.  Increased  Marker  Making  Cost:  The  total  increased  cost  of  marker  making  will 
be  expressed  in  the  objective  function  by  the  term: 

j  i 

l  l  M,x„ 

J=»  -1 

The  complete  objective  function  can  then  be  expressed  as  follows: 

'  1  1 

Minimize  Z  =  I  I  l  c  1,  y  x,  +  T  f  y}  xy  +  M,x,  +  U  e,  x(J ) 

j=i  1=1  *- 

1  1  1 

OR  Minimize  Z  =  Y,  E  l  c  1,  y}  +  T  r1  y}  +  M,  +  U  e,  )  xy 

j=l  .=i  L 


17 


Constraints 


1 .  A  demand  constraint  is  required  so  the  order  will  be  filled.  That  is,  the  total 
number  of  units  planned  for  will  be  equal  to  the  total  number  of  units  ordered. 

j  i 

l  E  d«yj*ij  =  <*.  vs. 

j-1  i-1 

Note  that  if  overages  and  underages  are  allowed,  alternative  constraints  must  be 
added.  Using  the  parameter  5, ,  the  above  constraint  must  be  written  as  two 

constraints,  as  follows.  The  inequality 

j  i 

(IA)  y,  I  d^-S,  ^  d. ys 

j-1  i«l 

restricts  the  total  number  of  units,  including  underages,  to  be  less  than  or  equal  to 
the  demand.  Similarly,  the  inequality 

j  i 

(IB)  E  I  d^yjXjj  +  6,  2s  d.vs 

j-1  i-l 


restricts  the  total  number  of  units  including  overages  to  be  greater  than  or  equal  to 
the  demand. 

2.  Table  length  constraint:  The  following  constraint  restricts  trie  total  length  -of  the 
marker  to  be  less  than  or  equal  to  the  length  of  the  cutting  table. 

I  I  l,xy  £  L. 

j«i  i-i 


3.  Forcing  Constraints  for  ply  height: 

3A.  Enforce  the  upper  bound  on  ply  height: 

y,  £  p,vj 

3B.  Force  the  ply  height  to  be  the  same  for  different  size  combinations  in 
the  same  section. 

If  x  +  xkj  >  1,  then  y  x  =  y  xk,  V  i?*k,j 
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4.  Variable  restriction  constraints: 


yj  €  {0,  1,  2,  .  .  P},  Vj 

€  {0,  1}.  vi,j 

The  model  as  presented  above  is  very  difficult  to  solve.  Both  the  objective 
function  and  the  constraints  numbered  1  and  3B  have  nonlinear  terms. 

The  model  can  be  simplified  by  making  a  change  of  variable  to  linearize 
these  terms  as  shown  below.  The  constraints  in  3B  are  also  unmanageable  from  a 
math  programming  standpoint  because  the  current  form  is  a  logical  expression 
rather  than  a  mathematical  one.  These  will  be  transformed  to  a  set  of  linear 
inequalities  as  explained  later  in  this  section. 

Letz1(  =yjXlJ 

=  the  number  of  replicates  (layers)  of  size 
combination  i  which  will  be  cut  in 
section  j 

=  {  0  or  the  ply  height  of  section  j  }. 

The  model  can  now  be  rewritten  as  follows: 

1  1 

Minimize  Z  =  £  £  [  c  1,  Zy  +  T  r1 +  M,x-  +  U  ej  Xy  ] 

j=i  i=i  L 

1  1  1 

OR  Minimize  Z  =  £  £  [  c  1;  +  T  f  1  z  +  [  M;  +  U  e,  J  xtJ 

j=i  .=  i  L 

Subject  to: 

1 .  Demand  constraint 

j  i 

E  E  zu  +  K  =  ds,  v  s . 

j=i  t=i 


(or  in  the  case  where  overages  and  underages  are  allowed): 

j  i  j  i 


E  E  dMy  x  -  58  <  d„  vs  and  £  £  d^Xy  +  5e 

j=i  i=i  j=i  i=i 


>  d8,  v  s 


2.  Table  length  constraint 


i  i 

E  E  Uj  s  l. 

j-i  i«i 


3.  Forcing  constraints  for  ply  height: 
3A.  Zjj  £  Xy  P 


3B. 


xu 

+  *kj 

"  DjiHii  ^  1  * 

Vi, 

,k  (i  *  k),  and  V  j 

V 

■hr 

Dj2qj2  <  0,  V  i,k 

(i  7~ 

k),  and  V  j 

zki 

-  Z^j  - 

Dj3qj2  <  0,  V  i,k 

(i  * 

k),  and  vj 

% 

+  qj2 

*  1, 

Vj 

■  <ij2  = 

=  0  or  1 , 

vj 

4.  Variable  restriction  constraints 


z,j  E  {  0,  1,  2,  .  .  P},  V  i,j 

Xy  €  {0,  1},  V  i,j 


Complexity  of  the  Cut  Order  Planning  Problem 


This  problem  is  very  difficult  to  solve  to  optimality  when  the  parameters  are 
of  realistic  size.  Intuitively  this  difficulty  can  be  explained  by  pointing  out  that  the 
number  of  solutions  grows  exponentially  as  the  size  of  the  problem  increases.  The 
fact  that  the  problem  is  modeled  by  an  integer  program  with  no  structure  for  easy 
solutions  is  another  clue  to  the  difficulty  of  the  problem.  In  fact,  the  Cut  Order 
Planning  problem  is  NP-complete.  This  means  it  is  almost  certain  that  no 
algorithm  can  be  found  for  solving  COP  in  polynomial  time.  The  proof  of  this 
conjecture  follows.  Since  exact  solutions  to  COP  cannot  be  produced  in  real  time, 
the  development  of  heuristic  solutions  is  the  next  reasonable  step. 

Proof  of  NP-completeness:  To  address  the  complexity  of  the  COP  problem 
an  even  simpler  problem,  in  which  we  only  consider  cuts  in  one  dimension  instead 
of  two,  is  shown  to  be  computationally  hard.  That  is,  for  our  simplified  problem, 
each  size  and  fabric  section  has  a  height  dimension  only. 

Cut  Order  Planning  Problem  (COP): 


Instance:  Finite  set  U  of  sizes.  Each  size  has  a  one  dimensional  height, 
s(u),  for  all  u  6  U.  Each  fabric  section  is  of  height  B  (the  maximum  ply  height). 
There  are  k  sizes  for  which  to  plan  a  cut. 
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Question:  Is  there  a  partition  of  sizes  into  disjoint  sets  U,y  U2,  ...,  Uk  such 
that  the  sum  of  the  heights  of  the  orders  in  each  fabric  section  Ut  is  B  or  less? 

The  COP  is  identical  to  the  Bin  Packing  Problem. 

Bin  Packing  Problem : 

Instance:  Finite  set  U  of  items.  Each  item  has  a  one  dimensional  height, 
s(u),  for  all  u  E  U,  a  positive  integer  bin  capacity  B,  and  a  positive  integer  k 
cardinality  of  U. 

Question:  Is  there  a  partition  of  the  items  into  disjoint  sets  I/,,  U2,  ...,  Uk 
such  that  the  sum  of  the  sizes  of  the  items  in  each  section  U,  is  B  or  less? 

Theorem:  COP  is  NP-complete  in  the  strong  sense. 

Proof:  The  COP  and  the  Bin  Packing  Problem  are  identical  and  thus  a 
reduction  is  immediate.  Thus,  the  COP  has  a  solution  if  and  only  if  the  Bin 
Packing  problem  has  a  solution.  Since  the  Bin  Packing  Problem  is  NP-Cornplete  in 
the  strong  sense  (e.g.,  Garey  an  Johnson,  1979),  the  COP  is  also  NP-complete  in 
the  strong  sense. 


Transformation  Pf  IngflUflliygJBi 

It  is  not  obvious  how  the  change  of  variable  from  ^  xy  to  z^  produces  the  set 
of  inequalities  shown  in  line  3B  of  th  last  version  of  the  model.  This  section  is 
presented  to  explain  the  derivation  of  those  inequalities. 

Constraints  for  each  section  j  are  needed  as»  follows:  if  more  than  one  size 
combination  will  be  cut  in  a  section  (i.e.,  x;j  =  1  for  more  than  one  i  in  section  j). 
then  the  corresponding  ztJ's  must  all  be  equal  (i.e.,  the  ply  height  will  be  the  same 
for  each  of  the  size  combinations  in  section  j). 

Consider  size  combinations  i  and  k.  The  condition  to  be  satisfied  is  if  both  i 
and  k  are  to  be  assigned  to  the  same  section  j,  then  it  must  be  true  that  the  variable 
representing  the  ply  height  of  section  j  containing  size  combination  i  (zy)  be  equal 
to  the  variable  representing  the  ply  height  of  section  j  containing  size  combination  k 
(zkj).  Mathematically,  this  condition  can  be  written  as  follows. 

(P):  If  x(J  +  xkj  i  1 ,  then  zy  =  zkj. 
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This  condition  is  called  a  logical  constraint  and  can  be  incorporated  into  the  model 
in  a  linear  way  as  alternative  constraints  (e.g.  Bradley,  Hax  and  Magnanti,  p.  374). 
Let  A  represent  the  premise:  +  xkj  >  1,  and  B  will  represent  the  conclusion 
=  zkj.  (P)  is  not  satisfied  only  when  A  is  true  and  B  is  not  true.  Thus,  (P)  is 
equivalent  to  satisfying  not  A  OR  B.  (Refer  to  the  following  truth  table): 


A 

~  A 

B 

~B 

A  =>  B 

1 

0 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

Now  select  large  constants  D„  D2,  and  D3,  and  binary  variables  q,  and  q^ 

Set  q,  —  0  if  not  A  is  true,  and  1  if  not  A  is  false. 

Set  qj  =  0  if  B  is  true,  and  1  if  B  is  false. 

Now  add  the  following  constraints  to  the  model  v  i,k  (i  *  k),  and  V  j: 

1.  +  xkj  -  D,q,  £  1 

2-  zo  -  zkj  -  °2q2  <  o 

3-  zkj  -  z,j  -  D3q2  <  0 

4.  q,  +  q2  <  1 

5.  q,,  q2  =  0 or  1 

Note  that  in  (4)  if  qj  =  0  then  qj  can  either  be  0  or  1 .  If  q,  =0,  then  Xj,  and  xkj 

are  not  both  equal  to  l  and  it  does  not  matter  if  zt-  and  zkj  are  equal,  Thus,  q,  =  0 

means  (1)  is  satisfied.  Consequently,  if  q^  ~  then  (2)  and  (3)  are  guaranteed;  if 
q,  =  0,  (2)  and  (3)  may  not  be  satisfied,  but  that  is  irrelevant.  On  the  other  hand, 
if  q,  =1,  then  (2)  and  (3)  must  be  satisfied.  But  q,  =  1  means  q2  =  0,  and  the 
validity  of  (4)  is  established. 

in  the  actual  model,  we  will  need  to  add  a  set  of  constants  for  each  section  j:  Bj,, 
Bj2,  Bj3;  and  a  set  of  binary  variables  for  each  section  j:  and  qj2. 

4.2  Heuristics  for  COP 

Since  the  Cut  Order  Planning  problem  is  NP-Complete,  efficient  algorithms 
for  realistic  data  will  necessarily  be  heuristic  in  nature.  The  lemainder  of  section  4 
is  devoted  to  a  discussion  of  heuristics  developed,  the  testbed  data  used  in  the 
analysis  of  the  heuristics,  and  the  results  of  the  analysis. 
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There  are  three  heuristics  presented  in  this  section.  Two  of  these 
algorithms,  Savings  and  Cherry  Picking,  are  constructive  in  nature.  The  Savings 
heuristic  assigns  size  combinations  to  a  section  based  on  the  fabric  savings  achieved 
by  combining  them  into  one  section  as  opposed  to  having  them  assigned  to  separate 
sections.  The  Cherry  Picking  algorithm  builds  sections  by  combining  certain  sizes 
based  on  the  best  utilization  of  fabric.  The  algorithms  picks  the  first  and  second 
most  numerous  sizes  in  the  order  and  places  those  sections  first,  then  repeats  until 
all  sizes  are  assigned  to  a  section.  The  third  heuristic  is  an  improvement  heuristic 
rather  that  a  constructive  one.  The  Improvement  algorithm  takes  a  current  solution 
and  tries  to  improve  it  by  exchanging  sizes  in  different  sections  or  by  combining 
existing  sections  into  one  section. 


4.2.1.  "Savings"  Heuristic  for  COP 


INPUT: 


(1)  An  order  to  be  cut,  consisting  of  the  various  sizes  required  and  a 
quantity  desired  of  each  of  these  sizes. 

(2)  The  number  of  units  over  or  under  the  demand  that  will  be  allowed. 

(3)  The  parameter  k  which  determines  the  number  of  iterations  after 
which  the  savings  list  will  be  updated. 

(4>  The  ply  height  of  each  of  the  initial  sections. 

p)  List  of  1,'s  (these  are  the  fabric  lengths  required  for  cutting  a  size 
combination  i  -  like  small  and  large  together  -  in  a  particular 
section). 

(6)  Maximum  ply  height  allowed. 

(7)  Maximum  number  of  sizes  allowed  per  section. 

(8)  The  cutting  cost  per  inch  of  fabric. 

(9)  The  unit  cost  of  the  fabric. 


ALGORITHM: 


Step  1 .  Assign  each  unit  in  the  order  to  a  separate  section  of  the  initial  ply  height. 

Step  2.  Compute  a  savings  (see  below)  achieved  for  combining  any  pair  of  sections 
into  a  single  section.  The  maximum  size  of  this  list  can  be  set  to  a  specific 
value.  It  is  best  to  keep  it  less  than  or  equal  to  the  input  K.  The  savings  list 
is  sorted  as  each  value  is  calculated  and  placed  in  the  list. 

Siep  3.  Start  at  the  top  of  the  savings  list  and  feasibly  ( see  below)  merge  sections 
according  the  best  savings.  The  first  two  sections  that  are  merged  are 
placed  in  a  temporary  section.  Each  merge  thereafter  is  made  only  with  this 
temporary  section  until  the  number  of  sizes  per  section  is  reached. 


Step  4.  Once  the  temporary  section  is  full  it  is  saved  and  cannot  be  used  again. 


Step  5.  After  k  mergers  in  step  3  the  savings  iist  should  be  updated  and  resorted  by 
performing  steps  2  and  3  for  all  newly  created  actions,  then  performing 
step  3.  (note:  k  will  be  an  input  parameter) 

Step  6.  Continue  until  no  more  savings  can  be  achieved  (i.e.  the  savings  list  has 
been  scanned  and  the  list  is  exhausted,  with  no  mergers  possible). 

OUTPUT:  (1)  The  number  of  sections,  the  sizes  assigned  to  each  of  those 
sections,  and  the  ply  height  of  each  section. 

(2)  The  total  estimated  fabric  length  required  to  cut  the  order. 

(3)  The  deviation  of  the  number  of  units  to  be  cut  from  the  actual 
number  of  units  required  in  the  order. 

Savings  Computations: 

Step  2  of  the  algorithm  requires  a  computation  of  savings  achieved  for 
combining  two  sections  into  one.  Described  below  are  the  details  of  this 
computation,  based  on  whether  or  not  the  two  sections  to  be  combined  contain  the 
same  sizes  or  not. 

Case  A: 

The  two  sections  contain  exactly  the  same  size(s).  The  merger  can  be  accomplished 
in  one  of  two  ways: 

(i)  Increase  ply  height  by  spreading  one  section  on  top  of  the  other  and  making 
no  change  to  the  size  combination  in  the  section. 

To  compute  the  savings  achieved  in  this  situation,  the  cost  savings  is  essentially 
based  only  on  the  cutting  cost.  That  is,  a  number  is  needed  to  reflect  the  savings  of 
cutting  the  size  combination  in  this  section  once  instead  of  twice.  (Note  the  length 
of  fabric  required  for  the  section  is  the  same  before  and  after  the  merger  and  hence 
has  no  effect  on  the  cost  savings  for  the  merger). 

Let  e  represent  the  number  of  cutting  inches  in  the  pattern  for  the  size  combination 
in  the  two  sections  being  considered.  Then  e  is  also  the  number  of  cutting  inches 
required  for  the  merged  section  as  well.  Recall  that  U  =  cutting  cost/inch. 

Thus,  Ue  +  Ue  =  cost  of  cutting  the  two  unmerged  sections,  and  Ue  = 
cost  of  cutting  the  merged  sections.  Hence,  Ue  =  SAVINGS  in  cost  obtained  by 
merging  the  two  sections.  (See  Figure  4.2. 1  A). 
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Figure  4.2.1A.  Illustration  of  Case  A  (i) 

However,  the  merger  for  case  A  could  also  be  accomplished  by 

(ii)  Changing  the  size  combination,  leaving  the  ply  height  the  same. 

For  example,  suppose  the  two  sections  both  contain  sizes  32  and  34.  The  merged 
section  will  then  contain  the  size  combination  2-32s  and  2-34s.  Here  the  savings 
will  be  the  decreased  cost  of  fabric  required  for  spreading  the  merged  sections. 

Assume  the  following  notation. 

l,i  -  length  of  fabric  required  to  cut  one  layer  of  the  1st  unmerged 
section, 

ll2  “  length  of  fabric  required  to  cut  one  layer  of  the  2nd  unmerged 
section, 

1,3  =  length  of  fabric  required  to  cut  one  layer  of  the  3rd  MERGED 
section,  and 

p  =  ply  height  of  the  unmerged  and  merged  sections. 


Recall  that  c  is  the  unit  cost  of  fabric 


Then,  the  savings  can  be  computed  as  cp(l,,  +  1|2  -  ll3).  Case  A(ii)  is  illustrated  in 
Figure  4.2.  IB. 


Figure  4.2. IB.  Illustration  of  Case  A  (ii) 

Thus,  for  case  A,  the  savings  is  the  max{Ue,  cp(lu  +  ll2  -  li3)}. 

If  the  ply  heights  of  the  two  section  are  not  equal  and  the  second  method  of 
merging  the  two  sections  is  better  the  following  takes  place: 

Case  B: 

The  two  sections  do  not  contain  exactly  the  same  size(s),  but  are  of  the  same  ply 
height.  To  maintain  consistency,  the  only  possible  way  to  merge  two  such  sections 
is  to  merge  the  size  combination,  leaving  the  ply  height  unchanged.  This  is 
precisely  the  same  as  case  A(ii).  Hence  the  savings  computation  is  cp(ln  +  1^  -  ll3). 
(See  Figure  4.2. 1C). 
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Case  C: 


The  two  sections  do  not  contain  the  same  size  and  have  different  ply  heights.  The 
only  way  to  merge  two  such  sections  is  to  merge  the  size  combination.  This  is  the 
same  as  case  B.  Hence  the  savings  computation  is  cpfl;,  +  1^  - 1^).  (See  Figure 
4.2. 1C). 


The  ply  height  of  the  section  being  merged  is  chosen  so  that  the  minimum  number 
of  overages  or  underages  are  created. 


Figure  4.2.1C.  Illustration  of  Cases  B  and  C. 


^^Feasibility  Checks: 

Step  4  of  the  algorithm  states  that  section  mergers  should  be  done  only  when 
feasible.  The  feasibility  of  such  mergers  are  based  on  two  conditions: 

(1)  Will  the  maximum  number  of  sizes  allowed  per  section  be  violated?  If  so, 
do  not  merge. 

(2)  Will  the  maximum  ply  height  be  violated?  If  so,  do  not  merge. 
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4.2.2.  Cherry  Picking  Heuristic 

INPUT:  (1)  An  order  to  be  cut,  consisting  of  the  various  sizes  required  and  a 
specified  demand  quantity  for  each  of  these  sizes. 

(2)  The  number  of  units  over  or  under  the  demand  that  will  be  allowed. 

(3)  Maximum  ply  height  allowed. 

(4)  Maximum  number  of  sizes  allowed  per  section. 

(5)  List  of  l/s  (these  are  the  fabric  lengths  required  for  cutting  a  size 
combination  i  -  like  small  and  large  together  -  in  a  particular 
section). 

ALGORITHM: 

Step  1.  Let  ql  be  the  largest  quantity  of  any  size  remaining  in  the  order,  and  q2  be 
the  second  largest,  where  q2  <  ql. 

(If  there  is  no  such  q2,  then  one  of  two  cases  exists.  Case  1:  Only  one  size 
remains  in  the  order,  or  Case  2:  All  sizes  remaining  have  the  same  order 
quantity.  In  either  case,  set  ql  =  ql.) 

Form  set  S  by  selecting  all  sizes  remaining  in  the  order  which  have  a  quantity 
greater  than  or  equal  to  q2  minus  the  number  of  units  allowed  over  the 
specified  demand. 

Step  2.  The  next  section  created  will  have  ply  height  =  min{q2,  max  ply  height}. 
Combine  the  sizes  in  set  S  in  this  section  in  a  way  so  that  a  minimal  amount 
of  fabric  will  be  required,  based  on  the  inputs  1,.  For  example,  if  set  S 
contains  sizes  small  and  large,  it  may  be  necessary  to  create  two  sections, 
one  containing  size  small  and  the  other  size  large,  or  only  one  section  may 
be  required  which  contains  both  sizes  small  and  large.  In  the  general  case, 
all  combinations  of  the  sizes  in  set  S  should  be  considered  which  do  not 
exceed  the  maximum  number  of  sizes  allowed  per  section. 

Step  3.  Reduce  the  order  demand  quantities  for  the  sizes  in  set  S  by  q2. 

Step  4.  If  the  order  contains  a  size  with  positb  e  quantity  larger  than  the  number  of 
units  allowed  under  the  specified  demand,  go  to  step  1. 

OUTPUT:  (1)  The  number  of  sections,  the  sizes  assigned  to  each  of  those  sections, 
and  the  ply  height  of  each  section. 

(2)  The  total  estimated  fabric  length  required  to  cut  the  order. 

(3)  The  deviation  of  the  number  of  units  to  be  cut  from  the  actual 
number  of  units  required  in  the  order. 
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4.2.3.  Improvement  Heuristic 

INPUT:  (1)  An  order  to  be  cut,  consisting  of  the  various  sizes  required  and  a 
quantity  desired  of  each  of  these  sizes. 

(2)  The  number  of  units  over  or  under  the  demand  that  will  be  allowed. 

(3)  A  solution  to  the  problem  (see  below  for  details)  to  be  improved 
upon. 

(4)  List  of  l/s  (these  are  the  fabric  lengths  required  for  cutting  a  size 
combination  i  -  like  small  and  large  together  -  in  a  particular 
section). 

(5)  Maximum  ply  height  allowed. 

(6)  Maximum  number  of  sizes  allowed  per  section. 

(7)  The  cutting  cost  of  the  fabric  per  inch. 

(8)  The  unit  cost  of  the  fabric. 

OUTPUT:  (1)  The  number  of  sections,  the  sizes  assigned  to  each  of  those  sections, 
and  the  ply  height  of  each  section. 

(2)  The  total  estimated  fabric  length  required  to  cut  the  order. 

(3)  The  deviation  of  the  number  of  units  to  be  cut  from  the  actual 
number  of  units  required  in  the  order. 

ALGORITHM: 

Step  0.  The  iterations  of  starting  over  must  be  tracked.  If  the  algorithm  starts 
over  and  cannot  find  any  improvements  after  examining  all  possible 
exchanges,  then  the  algorithm  will  terminate. 

Each  section  contains  one  or  more  sizes.  A  portion  of  a  section  will  consist 
of  only  one  size.  For  example,  if  a  section  contains  sizes  M,  M  and  L,  the 
portions  to  consider  are  M,  L,  and  MM. 

Step  1 .  Consider  the  next  portion  of  one  section. 

Step  2.  Attempt  to  reassign  the  portion  from  its  original  section  to  one  or  more  of 
the  remaining  sections  so  that  the  reassignment  satisfies  the  feasibility 
checks  listed  below.  If  feasible  to  reassign,  compute  the  sa\ings  (see 
below)  that  would  be  achieved  by  making  the  reassignment. 

Step  3.  Attempt  to  swap  the  portion  from  its  original  section  with  a  portion  from 

one  of  the  remaining  sections  so  that  the  reassignment  satisfies  the  feasibilty 
checks  listed  below.  If  feasible  compute  the  savings  (see  below)  that  would 
be  achieved  by  making  the  reassignment. 

Step  4.  Perform  the  reassignment  based  on  the  best  savings  computed. 
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^Savings  Computations; 

Case  A: 

The  portion  and  section  contain  exactly  the  same  size(s).  The  merger  can  be 
accomplished  in  one  of  two  ways: 

(i)  Increase  ply  height  by  spreading  one  section  on  top  of  the  other  and  making 
no  change  to  the  size  combination  in  the  section. 

To  compute  the  savings  achieved  in  this  situation,  the  cost  savings  is  essentially 
based  only  on  the  cutting  cost.  That  is,  a  number  is  needed  to  reflect  the  savings  of 
cutting  the  size  combination  in  this  section  once  instead  of  twice.  (Note  the  length 
of  fabric  required  for  the  section  is  the  same  before  and  after  the  merger  and  hence 
has  no  effect  on  the  cost  savings  for  the  merger). 

Let  ex  represent  the  number  of  cutting  inches  in  the  pattern  for  the  size  combination 
in  the  two  sections  being  considered.  Then  ex  is  also  the  number  of  cutting  inches 
required  for  the  merged  section  as  well.  Recall  that  U  =  cutting  cost/inch.  Thus, 
Ue;  +  Ue,  =  cost  of  cutting  the  two  unmerged  sections,  and  lie,  *  cost  of 
cutting  the  merged  sections.  Hence,  =  SAVINGS  in  cost  obtained  by  merging 
the  two  sections. 

However,  the  merger  for  case  A  could  also  be  accomplished  by 

(ii)  changing  the  size  combination,  leaving  the  ply  height  the  same. 

For  example,  suppose  the  two  sections  both  contain  sizes  32  and  34.  The  merged 
section  will  then  contain  the  size  combination  2-32s  and  2-34s.  Here  the  savings 
will  be  the  decreased  cost  of  fabric  required  for  spreading  the  merged  sections. 

Assume  the  following  notation: 

1,,  =  length  of  fabric  required  to  cut  one  layer  of  the  original  section  from 
which  the  portion  will  be  cut  (section  A), 

ll2  =  length  of  fabric  required  to  cut  one  layer  of  the  candidate  section  into 
which  the  portion  will  be  added  (section  B), 

1,3  =  length  of  fabric  required  to  cut  one  layer  of  section  A  after  the 
reassignment  of  the  portion, 
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lj4  =  length  of  fabric  required  to  cut  one  layer  of  section  B  after  the 
reassignment  of  the  portion,  and 

p  =  ply  height  of  the  unmerged  and  merged  sections. 

Recall  that  c  is  the  unit  cost  of  fabric 

Then,  the  savings  can  be  computed  as  cp(lj,  +  la  -  la-  li4). 

Thus,  for  case  A,  the  savings  is  the  max{Ue, ,  cp(ln  +  la  - 1^  -  li4)}. 

Case  B: 

The  portion  and  section  do  not  contain  exactly  the  same  size(s). 

(i)  Same  ply  height. 

To  maintain  consistency,  the  only  possible  way  to  merge  two  such  sections  is  to 
merge  the  size  combination,  leaving  the  yly  height  unchanged. 

(ii)  Ply  heights  not  the  same. 

The  merger  should  take  place  by  combining  the  size  combinations,  and  choosing  the 
ply  height  so  that  the  minimum  number  of  overages  or  underages  are  created  and  all 
other  feasibility  checks  are  satisfied. 

In  either  case  (i)  or  (ii),  this  situation  is  the  Si^oe  situation  as  case  A(ii).  Hence  the 
savings  computation  is 


cpOii  +  la-la-W* 


ijt  •  •  • 

Feasibility  Checks: 

The  feasibility  of  such  mergers  are  based  on  two  conditions: 

(1)  Will  the  maximum  number  of  sizes  allowed  per  section  be  violated?  If  so, 
do  not  merge. 

(2)  Will  the  maximum  number  of  units  over  and  under  the  demand  be  violated? 
If  so,  do  not  merge. 
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4.3  Testbed  Data 


A  representative  problem  was  developed  to  evaluate  the  oerformance  of  the 
heuristics  presented  in  Section  4.2.  The  testbed  data  is  compost  '  of  a  description 
of  an  order.  The  order  consisits  of  the  sizes  required  and  the  quantity  of  each  of 
those  sizes.  Section  4.4  details  the  actual  combinations  of  sizes  in  an  order  that 
were  used  in  the  experiment.  To  plan  the  cut  of  the  order,  it  is  necessary  to 
estimate  marker  lengths  for  all  possible  combinations  of  sizes  in  a  marker. 
Therefore,  an  important  part  of  the  testbed  data  is  the  specification  of  these  marker 
lengths. 

For  test  purposes,  estimated  lengths  for  all  markers  were  determined  using 
Package  B.  All  possible  combinations  of  sizes  in  a  marker  up  to  and  including  six 
sizes  per  marker  and  their  associated  marker  lengths  are  listed  in  Appendix  C.  The 
majority  of  the  lengths  were  taken  directly  from  Package  B  output.  However,  there 
were  several  combinations  which  could  not  be  obtained  directly  from  Package  B. 
These  combinations  are  marked  with  an  asterisk  (*)  in  Appendix  C,  and  are  as 
follows: 


4  of  each  size 

5  of  each  size 

3  of  one  size,  2  of  another 

4  of  one  size,  1  of  another 
2  of  two  sizes,  1  of  another 
2  of  two  sizes 

A  brief  explanation  of  how  these  combinations  were  estimated  is  given  as  follows. 
The  details  are  presented  in  Appendix  C.  It  was  determined  that  an  order  of 

1  size  30 

1  size  32  equals  3  size  32  . 

1  size  34. 

Using  variations  of  this  heuristic,  such  as 

1  size  30 

2  size  32  equals  4  size  32  , 

1  size  34 

lengths  were  determined  for  all  of  the  combinations  which  could  not  be  directly 
produced.  In  some  cases  the  order  could  not  be  divided  in  the  above  fashion,  such 
as: 

4  size  30  and  4  size  40  . 
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Then,  the  logic  followed  was  to  decrease  the  marker  length  by  a  constant  amount 
within  each  group.  An  example  of  this  is  as  follows. 


4/0/0/0/0/0 


0/4/0/0/0/0 

equals 

1/2/1/0/0/0 

equals 

53.94 

0/0/4/0/0/0 

equals 

0/1/2/1/0/0 

equals 

54.95 

0/0/0/4/0/0 

equals 

0/0/1/2/1/0 

equals 

55.96 

0/0/0/0/4/0 

equals 

0/0/0/ 1/2/1 

equals 

56.97 

0/0/0/0/0/4 


Since  the  marker  lengths  for  4  size  30  and  4  size  40  cannot  be  divided,  they  must 
be  estimated  using  the  knowledge  that  each  order  is  separated  by  1.01  inches.  This 
gives  the  values: 


4/0/0/0/0/0  (53.94  -  1.01)  =  52.93 

0/0/0/0/0/4  (56.97  +  1.01)  =  57.98 


A  further  detailing  of  all  the  estimated  markers  follows  in  Appendix  C.  The 
next  section  will  describe  the  results  of  the  implementation  of  this  testbed  data  with 
the  heuristics  and  the  commercial  packages. 


4.4  Experimental  Results 

The  testbed  data  described  in  Section  4.3  was  used  to  investigate  the 
performance  of  all  the  algorithms  presented  in  Section  4.2.  For  benchmark 
purposes  this  the  commercial  packages  were  run  with  this  data.  In  this  section  a 
summary  of  the  results  of  this  investigation  is  given. 

For  the  representative  problem,  several  problem  instances  were  examined. 
Two  order  types,  normal  and  pathological,  were  defined.  Normal  was  selected  to 
more  typical  of  industrial  problems,  and  in  this  case  implies  that  both  ply  height 
and  order  quantities  are  multiples  of  twelve.  Pathological  was  selected  to  test  the 
algorithmic  performance  on  odd  numerical  combinations,  in  this  case,  ply  height 
and/or  order  quantities  which  are  not  multiples  of  twelve. 
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Three  normal  orders  and  two  pathological  ones  were  created.  For  these  five 
orders ,  three  alternative  ply  heights  were  specified  for  different  runs.  In  addition, 
the  results  from  the  algorithms  were  recorded  before  and  after  the  improvement 
algorithm  was  applied.  These  various  combinations  of  the  problem  parameters 
resulted  in  twenty  problem  instances.  Table  4.4.1  summarizes  the  problem 
instances. 


Tabic  4.4.1.  Experimental  Problem  Instances 


Problem 

Instance 

Normal  Order 

Pathological  Order 

My 

Height 

Improved? 

1 

72/144/360/360/144/72 

48 

No 

2 

72/144/360/360/144/72 

48 

Yes 

3 

72/144/360/360/144/ ?2 

108 

No 

4 

72/144/360/360/144/72 

108 

Yes 

5 

0/0/0/0/960/240 

48 

No 

6 

0/0/0/0/960/240 

48 

Yes 

7 

0/0/0/0/960/240 

108 

No 

8 

0/0/0/0/960/240 

108 

Yes 

9 

0 '0/0/0/ 1200/0 

48 

No 

10 

0/0/0/0/1200/0 

48 

Yes 

11 

0/0/0/0/1200/0 

108 

No 

12 

0/0/0/0/1200/0 

108 

Yes 

13 

163/239/599/45/124/30 

47 

No 

14 

163/239/599/45/124/30 

47 

Yes 

15 

163/239/599/45/124/30 

108 

No 

16 

1 63/239/599/45/ 1 24/30 

108 

Yes 

17 

200/200/200/200/200/200 

47 

No 

18 

200/200/200/200/200/200 

47 

Yes 

19 

200/200/200/200/200/200 

108 

No  ] 

20 

200/200/200/200/200/200 

108 

Yes  S 

Based  on  the  conclusions  from  the  experimental  results  described  in  Section 
3.5,  the  criterion  of  total  fabric  length  alone  was  used  to  compare  the  performance 
of  the  algorithms.  The  remainder  of  this  section  will  describe  the  results  of  the 
experimental  runs.  The  graphs  given  below  show  these  comparisons  for  all  the 
problem  instances  in  Table  4.4.1.  The  results  of  the  normal  orders  with  ply  height 
48  are  given  in  Figuies  4.4.1  and  4.4.2. 
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The  results  of  the  normal  orders  with  ply  height  48  are  given  in  Figures 
4.4. 1  and  4.4.2.  The  solutions  marked  Improvement  are  the  result  of  applying  the 
improvement  algorithm  to  an  initial  solution  comprised  of  each  size  in  the  marker  in 
a  separate  section  of  the  marker.  Note  that  this  solution  is  essentially  equivalent  to 
the  best  of  all  the  others.  These  solutions  are  shown  for  all  the  problem  instances. 
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From  these  figures  three  conclusions  can  be  drawn.  First,  the  Savings 
algorithm  performs  significantly  better  than  the  Cherry  Picking  algorithm.  The  second 
conclusion  is  that  the  Savings  algorithm  provides  solutions  which  are  as  good  as  or 
better  than  the  commercial  packages.  Finally,  the  improvement  algorithm  is  able  to 
make  improvements  in  all  solutions,  even  the  commercial  ones.  After  the  improvement 
algorithm  is  applied,  the  solutions  are  all  very  similar  in  fabric  length  required. 


The  results  for  normal  orders  with  ply  height  108  are  presented  in  Figures  4.4.3 
and  4.4.4.  Conclusions  are  consistent  with  those  for  48-ply  problems. 
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Figures  4.4.5  through  4.4.8  present  the  results  of  the  pathological  orders 
with  ply  heights  47  and  108.  Similar  conclusions  can  be  drawn  from  these  graphs 
as  for  the  normal  orders. 
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The  numerical  results  from  all  of  the  experimental  problem  instances  are 
tabulated  in  Appendix  E. 


4.5  Conclusions  for  Theoretical  Analysis 

In  the  theoretical  analysis  of  the  Cut  Order  Planning  problem,  several  things 
have  been  established.  First,  a  mathematical  model  has  been  developed  which 
represents  the  first  known  efforts  to  represent  precisely  the  cut  order  planning 
problem.  This  model  provides  current  and  future  researchers  with  a  basis  for 
extending  the  results  of  this  work.  In  this  project,  the  mathematical  model  was 
used  to  facilitate  problem  specification,  to  assist  in  the  complexity  analysis,  and  to 
initiate  algorithm  development. 

Second,  complexity  analysis  established  that  the  cut  order  planning  problem 
is  a  very  complex  one,  requiring  approximate  algorithms  for  real-time  solutions. 
This  result  is  important  because  it  demonstrates  the  futility  of  efforts  to  produce 
an  exact  algorithm  for  COP  which  is  also  efficient  computationally.  Another 
important  insight  from  this  result  is  no  commerical  package  can  solve  COP  exactly 
in  real  time,  and  therefore  must  resort  to  heuristic  algorithms  for  solution.  As  a 
result,  the  heuristics  in  a  particular  commercial  package  are  not  guaranteed  to 
produce  solutions  which  dominate  those  in  another  package  for  all  possible  problem 
instances.  This  conclusion  is  useful  in  understanding  why  different  manufacturing 
entities  may  prefer  one  package  over  another  for  their  specific  problem 
characteristics. 

The  third  result  derives  from  the  second,  namely  the  development  of  three 
heuristics  for  COP.  Of  these  three,  two  constructive  algorithms  and  one 
improvement  approach  were  developed.  For  the  representative  problems  developed 
in  this  project,  one  of  the  constructive  algorithms  produced  solutions  equivalent  to 
those  from  commerical  packages.  Also,  the  improvement  algorithm  was  able  to 
improve  all  solutions  generated  for  the  testbed  data,  including  those  produced  by 
the  commerical  packages.  Because  of  its  ability  to  enhance  the  constructive 
methods  and  the  existing  commercial  packages,  in  addition  to  random  solutions,  the 
creation  of  the  improvement  algorithm  is  one  of  the  major  contributions  of  this 
research  project. 

The  development  of  the  testbed  problems  is  another  contribution  of  this 
project.  Current  and  future  researchers  will  be  able  to  use  these  problems  to 
benchmark  other  methodological  developments.  The  testbed  problems  used  to 
evaluate  the  various  algorithms  were  very  basic.  The  fabric  lengths  and  other 
problem  parameters  were  based  on  the  details  of  numerous  conversations  with 
individuals  who  solve  the  cut  order  planning  problem  daily.  Some  of  the  problem 
instances  were  deliberately  set  up  as  nonstandard  to  examine  the  performance  of  the 
heuristics  for  realistic  situations  which  may  not  occur  frequently.  No  attempt  was 
made  to  set  up  problem  instances  to  represent  all  possible  scenario  in  cut  order 
planning;  the  number  of  such  problems  would  be  overwhelming.  Instead,  the 
testbed  data  has  been  created  to  be  representative  of  common  scenarios  in  COP. 


39 


I 


5.0  Summary  and  Conclusions 

5.1 .  Review  of  the  project 

This  project  has  consisted  of  two  major  phases.  In  phase  one,  commercial 
packages  for  solving  COP  were  identified.  Two  software  vendors  agreed  to  allow 
closer  examination  of  their  packages.  These  packages  were  comparatively 
analyzed,  using  testbed  data.  During  phase  two,  a  theoretical  analysis  of  COP  was 
carried  out  and  solution  methods  were  developed,  implemented,  and  compared  to 
each  other  and  the  commercial  solution  methods. 

Results  from  the  first  phase  led  to  an  understanding  of  the  relative 
performance  of  currently  available  software  for  cut  order  planning,  and  the  relative 
priorities  of  the  cost  drivers  for  the  planning  decisions.  The  work  in  phase  two 
produced  a  set  of  new  algorithms  for  solving  COP,  implemented  in  a  prototype 
software  package. 

5.2.  Major  contributions  of  the  project 

In  this  final  section  of  the  paper  the  major  contributions  of  the  research 
project  is  itemized  and  recommendations  for  further  work  in  cut  order  planning 
research  is  made. 

The  first  major  contribution  of  this  work  to  the  knowlege  base  of  cut  order 
planning  is  the  experimental  verification  of  fabric  cost  being  the  dominant 
determinant  of  the  cut  order  planning  solution.  This  drives  home  the  point  that 
heuristic  solutions,  including  those  used  in  commercial  packages,  are  critically 
dependent  on  the  estimation  of  fabric  length  required  to  cut  a  particular 
combination  of  sizes  together  in  a  marker.  Therefore,  it  is  important  that  this 
information  be  obtained  from  historical  data  or  correctly  estimated  by  experienced 
operators. 

Major  analytical  contributions  of  this  work  include  the  development  of  a 
mathematical  model,  the  complexity  analysis,  and  the  improvement  algorithm.  The 
mathematical  model  of  the  cut  order  planning  problem  described  in  this  report  is  the 
only  one  known  to  exist  for  modeling  this  difficult  problem.  The  complexity 
analysis  establishes  that  no  solution  method  is  likely  to  be  able  to  produce 
mathematically  optimal  COP  solutions,  including  commercial  packages.  Finally,  an 
improvement  algorithm  was  developed  which  has  been  shown  to  improve  solutions 
produced  by  commercial  methods.  This  algorithm  is  extremely  versatile  as  well.  It 
was  able  to  produce  solutions  from  a  random  starting  solution  which  were 
essentially  equivalent  to  improved  solutions  from  commercial  packages  and  other 
simple  heuristics.  This  means  that  solutions  can  be  found  by  anyone  with  a  desktop 
PC-based  computer  and  accurate  information  for  marker  lengths. 
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5.3  Recommendations  for  further  COP  research 


The  cut  order  planning  problem  as  addressed  in  this  project  and  solved  in 
many  operations  is  performed  independently  of  downstream  production 
considerations.  This  is  done  even  though  the  output  of  COP  is  the  direct  input  for 
marker  making  and  the  cutting  room.  Given  the  ever  changing  status  of  current 
orders,  current  work-in-process  (WIP)  in  the  system,  and  production  configuration, 
there  is  a  significant  opportunity  to  make  the  production  system  more  efficient  and 
responsive  by  better  coordination:  dynamic,  integrated  planning  and  scheduling  of 
WIP  release,  WIP  movement,  and  configuration  of  the  associated  flexible 
production  capacity.  For  these  reasons,  it  is  recommended  that  future  research  for 
COP  extend  this  work  to  capitalize  on  the  adaptive  capabilities  of  the  improvement 
algorithm  and  to  explicitly  include  material  flow  control  considerations.  This  work 
will  allow  for  consideration  of  the  current  status  of  the  assembly  operations  and  the 
reflection  of  competing  system  objectives.  This  extension  will  bring  the  cut  order 
planning  process  closer  to  real  integration  with  the  production  planning  process  and 
implement  one  more  step  in  the  direction  of  true  flexible  manufacturing  for  the 
apparel  industry. 


6.0  References 


Anon.  (1987),  "Apparel  Industry-Specific  Software  Packages,"  Bobbin  (October), 
pp.  72-77. 

Anon.  (1988-A),  "More  Computer  Software  Designed  With  Manufacturers  in 
Mind,"  Knitting  Times  (June),  pp.  83-84. 

Anon.  (1988-B),  "Directory  of  Software  Suppliers,"  Bobbin  (July),  pp.  80-90. 

Bradley,  Hax  and  Magnanti  (1977),  Applied  Mathematical  Programming,  Addison- 
Wesley,  Reading,  Massachusetts. 

Czirik,  J.  (1989),  "An  On-line  Algorithm  for  Variable-Sized  Bin  Packing,"  Acta 
Infbrmatica,  Vol.  26,  pp. 697-709. 

Eilon,  S.  and  N.  Christofides  (1971),  "The  Loading  Problem,"  Mwgement 
Science,  Vol.  17,  pp.  259-267. 

Elsayed  and  Shetty  (1988),  "Computer  Simulation  of  a  Recursive  Algorithm  for 
Two  and  Three  Dimensional  Packing,"  Proceedings  of  the  International 
Conference  on  Computer  Aided  Design  Graphics,  Vienna. 

Fadigan,  Harry  (1986),  "Your  Inventory  has  a  Future",  Bobbin  (October),  pp.  91- 
94. 

Farley  (1988),  "Mathematical  Programming  Models  for  Cutting-Stock  Problems  in 
the  Clothing  Industry,"  Journal  of  the  Operational  Research  Society,  Vol. 

39,  No.  1,  pp.  41-53. 

Francis,  Richard  L.  and  John  A.  White  (1974),  Facility  Layout  and  Location  an 
Analytical  Approach.  Prentice  Hall,  Inc.,  New  Jersey. 

Garey,  Michael  R.  and  David  S.  Johnson  (1979),  Computers  and  Intractability,  A 
Guide  to  the  Theory  of  NP- Completeness.  W.  H.  Freeman  &  Co.,  New 
York. 

Gilmore  and  Gomory  (1961),  "A  Linear  Programming  Approach  to  the  Cutting 
Stock  Problem,"  Operations  Research,  Vol.  9,  pp.  349-359. 

Hinxman  (1980),  "The  Trim-loss  and  Assortment  Problems:  A  Survey,"  European 
Journal  of  Operational  Research,  Vol.  5,  pp.  8-18. 

Johnson,  D.S.,  et  al.  (1974),  "Worst-Case  Performance  Bounds  for  Simple  One- 
Dimensional  Packing  Algorithms,"  SIAM  Journal  of  Computing,  Vol.  3,  pp. 
299-325. 


42 


Kurt  Salmon  Associates  (1987),  "87  Software  Survey,"  Apparel  Industry  Magazine 
(November),  pp.  72-77. 

Martello,  Silvano  and  Toth,  Paolo  (1990),  Knapsack  Problems,  Algorithms  and 
Computer  Implementations.  John  Wiley  &  Sons,  New  York. 

Mendel,  Sy  (1987),  "The  Minicomputer  Approach  to  MRP  II,"  Bobbin  (March),  p. 
106,  108,  114,  116. 

Montgomery,  Douglas  C.,  (1984),  Design  and  Analysis  of  Experiments,  Second 
Edition, John  Wiley  &  Sons,  New  York. 

Plackett,  R.  L.  and  Burman,  J.  P.  (1946),  "Design  of  Optimal  Multi-Factorial 
Experiments,"  Biometrica,  Vol.  3,  pp.  305-325. 

Rhee,  W.T.  and  Talagrand,  M.  (1989),  "Optimal  Bin  Packing  with  Items  of 
Random  Sizes  II,"  SIAM  Journal  of  Computing  (February),  Vol.  18,  pp. 
139-151. 

Riley,  Sid  (1988),  "Automation  Crosses  the  Line,"  Bobbin  (October),  pp.  84-87. 

Segal,  Glen  (1987),  "Software  Needs  Hard  Sell,"  Bobbin  (October),  pp.  58-68. 

Segal,  Glen  (1988),  "Haro  News  on  Software,"  Bobbin  (July),  pp.  80-90. 

Tang,  C.S.  and  Denardo,  E.V.  (1988),  "Models  Arising  from  a  Flexible 

Manufacturing  Machine  II,  Minimization  of  the  Number  of  Switching 
Instants,"  Operations  Research  (September-October),  Vol.  36,  pp.  778-784. 

Tompkins,  James  A.  and  White,  John  A.  (1984),  Facility  Planning,  John  Wiley  & 
Sons,  New  York. 

Tray,  Anne  I.  (1987),  "GGT  Strives  For  Even  Higher  Grad(ing)s,"  Bobbin  (June), 

pp.  111-116. 

White,  Robert  (1985),  "Dividend  of  Computers  is  Information  Management," 
Apparel  World  (January),  pp.  32,  35. 


43 


Order!  ABFHIK 


|  Color\Sizes 

1 

34 

1200 

1200 

1E00 

1200 

Paraseter  table  naae::  5 

May .  no.  of  plies  (not  foios): 

47 

Max.  no.  of  sizes  in  earlier: 

99 

Perieeter  of  pattern  in  ins.: 

317 

Plus  deviation/size/color: 

10 

Cost  of  cloth: 

10.00 

Area  of  pattern  in  ins.*: 

7S0 

Minus  deviation/size/colors 

10 

Usable  width  of  cloth  in  ins.: 

58.00 

Calculated  usage  in  ins: 

19.21 

Calculated  efficiency  in  X: 

70.01 

1.  *****  *  ABFH1K-OP1 


Sizes  in  Barker:  6*34 


fiease  enter  the  effectively  produced  Barker  length  here: 


Total  sizes  in  esrier: 

6 

Nuaber  of  lays: 

5 

Type  cf  Barker: 

Open 

N'usber  of  plies  (NOT  folds!): 

200 

Cost  per  unit: 

3.73 

Cost  per  unit  (avg. ) : 

3.73 

Total  costs: 

4481.31 

Total  units  in  Barker: 

1200 

Accuaulatcd  total  units: 

1200 

Efficiency  of  Barker  in  X: 

84.00 

X  of  total  units  in  order: 

100.00 

Accuaulated  X  of  total  order: 

100.00 

Spreading  eethod;  Zigzag 


200 1 


A2 


Order:  AEGHJK 


Cc«lor\Sizes 

34 

48  ■ 

48 

48 

48 

Parameter  table  nane : :  6 


Nai:.  no.  of  plies  (not  folds): 

108 

Max,  no.  of  sizes  in  Barker: 

99 

Perieeter  of  pattern  in  ins.: 

Plus  deviation/size/colcr: 

10 

Cost  of  cloth: 

10.00 

Area  of  pattern  in  ins.*: 

Minus  deviation/size/color: 

10 

Usable  Hidth  of  cloth  in  ins.: 

58.00 

Calculated  usage  in  ins: 
Calculated  efficiency  in  X: 

!,♦***»* 


AEBH3K-OF 1 


Sizes  in  Barker:  6*34 


Please  enter  the  effectively  produced  Barker  length  here: 


Total  sizes  :n  Barker:  6 

Nufiber  of  plies  (NOT  folds!):  8 

Total  costs:  801.59 

Efficiency  of  Barker  in  X:  84.00 

Spreading  sethod:  Zigzag 


Nuaber  of  lays: 
Cost  per  unit: 
Total  units  in  Barker: 
X  of  total  units  in  order: 


1  Type  of  Barker: 

4.80  Cost  per  unit  (avg.)s 

48  Accueulated  total  units: 

100.00  Accusulated  X  of  total  order: 


8I 


A3 


Order!  DFSIJK 


I 

I 

I 

I 


|  Color\Sizes 

30 

38 

34 

36 

38 

40 

■ 

8 

8 

8  ■ 

8 

8 

8 

48 

B 

8 

8 

8 

8 

8 

8 

48 

Paraseter  tsble  race ; :  7 


In.  no.  of  plies  (not  folds): 

*  Flus  deviation/size/color: 
Minus  deviation/size/color: 

1 

m  _  -  - 

108 

0 

0 

Max,  no.  of  sizes  in  tarter: 

Cost  of  cloth: 
Usable  width  of  cloth  in  ins.: 

99  ' 
0.50 
58.00 

Perieeter  of  pattern  in  ins.: 
Area  of  pattern  in  ins. 2 : 
Calculated  usage  in  ins: 
Calculated  efficiency  in  X: 

317 

780 

19.81 

70.01 

P  i-  ***** * 

DFG1JK-0P1 

Izes  in  Barter:  1*30  1*38 

1*34 

1*36  1*38  1*40 

Please  enter  the  effectively  produced  carter  length  here: 

|  Total  sices  in  darker: 

6 

Nueber  of  lays: 

1 

Type  of  tarter: 

Open 

Nusber  of  plies  (NOT  folds!): 

8 

Cost  per  unit: 

0.53 

Cost  per  unit  (avg. ) 

0.53 

m  Total  costs: 

85.59 

Total  units  in  tarter: 

48 

Accueulated  total  units: 

48 

1  Efficiency  of  Barter  in  X: 

84.00 

X  of  total  units  in  order: 

100.00 

Accutulated  X  of  total  order: 

100.00 

Spreading  aethcd: 

Zigzag 

I 

I 

I 


I 

I  Order.*  CEFHIJ 


I 

I 


0  Color\5izss 

34 

1  _ 

48 

48 

■ 

48 

48 

Paranater  table  nereis  8 

Pa.,  no.  of  plies  i net  folds)} 

47 

Hex.  no.  of  sizes  in  eerier: 

99 

Perieeter  of  pattern  in  ins.: 

317 

Plus  ceviation'size/colors 

10 

Cost  of  doth? 

0.50 

Area  of  pattern  in  ins.*': 

780 

m  Kings  devietion/size/cdor: 

10 

Usable  width  of  cloth  in  ins.: 

5B.00 

Calculated  usage  in  inc: 

19.21 

1 

■ 

Calculated  efficiency  in  K: 

70.01 

P  *•  »*•*** 

CEFH1J-0P1 

■ 

|zes  ir  sarke**:  2*34 

Please  ertsr  the  effectively  produced  eerier  length  here.* 


Total  sizes  in  earker: 

£ 

Kunber  of  lays: 

\ 

l 

Type  of  earker: 

Open 

Nueber  of  plies  (NOT  folds!): 

24 

Cost  per  unit: 

0.53 

Cost  per  unit  (avg.): 

0.53 

Total  costs: 

25.38 

Total  units  in  earker: 

48 

Accuaulated  total  units: 

48 

Efficiency  of  eerie'  in  X: 

70.00 

X  of  total  units  in  order: 

100.00 

Accueulated  X  of  total  order: 

100.00 

Spreading  sethodi 

Zigzag 

I 

I 

I 

I 


A5 


Order:  BDE6H1 


Color\Si:es 

30 

38 

34 

3b 

36 

40 

800 

800 

800 

800 

800 

800 

1800 

800 

800 

800 

800 

200 

800 

1800 

pa-aseter  table  naeie: :  9 


Max.  no,  of  plies  (net  folds): 
Plus  deviation/size/color: 
Hinu;  deviat icn/size/color: 

106 

10 

10 

Max.  no.  of  sizes  in  aarker: 

Cost  of  cloth: 
Usable  width  of  cloth  in  ins.: 

99 

0.50 

58.00 

Periceter  of  pattern  :n  ins. : 
Area  of  pattern  in  ins. ^ : 
Calculated  usage  in  ins: 
Calculated  efficiency  in  !(: 

317 

780 

19.81 

70.01 

1,  *  *  ♦  *  *  * 

BDEGKl-QPl 

Sizes  in  earker:  1*30  1*32 

1*34 

1*36  1*3B  1*40 

Please  enter  the  effectively  produced  «arker  length  here: 

Total  sizes  in  earker: 

4 

Huaber  of  lays: 

8 

Type  of  darker: 

Open 

Nuiber  of  plies  (HOT  folds1): 

800 

Cost  per  unit: 

0.84 

Cost  per  unit  (avg. ) 

0.84 

Total  costs: 

284.31 

Total  units  in  earker: 

1800 

Accumulated  total  units: 

1800 

Efficiency  of  aarker  in  K: 

64.00 

S  of  total  units  in  order: 

100.00 

Accuaulated  X  of  total  order: 

100.00 

Spreading  aethod: 

Zigzag 

:  '800 


A6 


Order!  ACDFBH 


I 

I 

I 

I 


|  Color\Sizes 

30 

38 

34  3&  38  40 

6 

9 

85  8  S  1 

48 

1 

L 

V 

9 

85  8  5  1 

48 

(a-asete'  table  raoe : :  ! 

Ka».  *o.  cf  ohes  hot  folds!.1 

108 

Kax.  no.  of  sizes  in  aarker: 

99 

Perimeter  of  pattern  in  ins.: 

317 

9  F ius  dev;ation/size/color: 

10 

Cost  of  doth: 

10.00 

Area  of  pattern  in  ms.*: 

780 

Minus  deviation/sue/color: 

10 

Usable  width  of  cloth  in  ins.: 

58.00 

Calculated  usage  in  ins: 

19.8! 

1 

Calculated  efficiency  in  X: 

70.0! 

ACDFBH-CPi 

gfezes  in  farter.1  1*30 

1*38 

4*34 

*ease  enter  the  effectively  produced  eerier  length  here! 

8  Total  sizes  m  a 

■fcer: 

6 

Umber  of  lays; 

l 

Type  of  aarker: 

Open 

■flur-Per  of  plies  (NOT  folds1!.1 

fc 

Cost  per  unit; 

3.91 

Cost  per  unit  (avg.l: 

3.91 

Total  costs: 

140.es 

Total  units  in  aarker: 

36 

Accuaulated  total  units: 

36 

■  Efficiency  of  tarter  in  X: 

84.00 

X  cf  total  units  m  order: 

75.00 

Accuaulated  X  of  total  order: 

75.00 

P  Spreading  eethod: 

Zigzag 

1 

■ _ 

:  6| 

immmm 

ACDF6H-0P8 

| 

jjces  ip  tarter!  3*38 

1*34 

8*36 

5*38  1*40 

^ease  enter  the  effective 

)  produced  aarler 

leroth  here: 

1 

•  icta!  sues  in  ea 

rter: 

18 

Nuaber  of  lays: 

1 

Type  of  aarler: 

Open 

Nusber  of  piles  (KST  folds1): 

1 

Cost  per  unit: 

6.45 

Cost  per  unit  (avg.l: 

4.55 

■  Total  c 

sets.1 

77.37 

Total  units  in  aarker: 

18 

Accuaulated  total  units: 

48 

■ 

A7 

Efficiency  of  sarker  in  X;  80.00 
Spreading  lethod:  Zigzag 


X  of  total  units  in  order: 


25.00  flccusulated  X  of  total  order: 


100.00 


A8 


Order:  BCEFBK 


I 


Color\Sizes 

34 

1200 

1200 

1200 

1200 

Paraseter  table  naie::  i 


Max.  no.  of  plies  (not  folds): 

106 

Max.  no.  of  sizes  in  Barker: 

95 

Periieter  of  pattern  in  ins.: 

31? 

Plus  deviation/size/color: 

0 

Cost  of  cloth: 

0.50 

Area  of  pattern  in  ins.*: 

780 

Minus  deviation/size/color: 

0 

Usable  width  of  cloth  in  ins.: 

58.00 

Calculated  usage  in  ins: 
Calculated  efficiency  in  X: 

19.21 

70.01 

1,  *  *  ♦  ♦  *  ♦ 


BCEFBK-OP1 


Sizes  in  earker:  6*34 


Please  enter  the  effectively  produced  part er  length  here: 


Total  sizes  in  Barker: 

6 

Kuaber  of  lays: 

2 

Type  of  Barker: 

Open 

Nueber  of  plies  {HOT  folds'): 

200 

Cost  per  unit: 

0.24 

Cost  per  unit  (avg.): 

0.24 

Total  costs: 

264.92 

Total  units  in  Barker: 

1200 

Accueulated  total  units: 

1200 

Efficiency  of  Barker  in  X: 

84.00 

X  of  total  units  in  order: 

100.00 

Accuaulated  X  of  total  order; 

100.00 

Spreading  sethod:  Zigzag 


:  200 1 
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Order;  HI6H 


Color\Si:es 

30 

32 

34 

36 

38 

40 

163 

239 

599 

45 

124 

30 

1200 

163 

239 

599 

45 

124 

30 

1200 

Paraieter  table  nace: :  $ 


Max.  no.  of  plies  (not  folds): 

Plus  deviation/size/color: 

Minus  deviation/size/color: 

108 

10 

10 

Max.  no.  of  sizes  in  larker: 

Cost  of  doth: 
Usable  width  of  cloth  in  ins.: 

99 

10.00 

58.00 

Periseter  of  pattern  in  ins.: 
Area  of  pattern  in  ins.2: 
Calculated  usage  in  ins: 
Calculated  efficiency  in  X: 

317 

780 

19.21 

70.01 

1.  *****  * 

HIGH-0PI 

Sizes  in  Barker:  9*30  9*32 

9*34 

3*36  8*38  2*40 

Please  enter  the  effectively  produced  carter  length  here: 


Total  sizes  in  Barker: 

40 

Nusber  of  lays: 

1 

Type  of  Barker: 

Open 

Nueber  of  plies  (NOT  folds!): 

15 

Cost  per  unit: 

3.92 

Cost  per  unit  (avg.!: 

3.92 

Total  casts: 

2354.59 

Total  units  in  Barker: 

600 

Accumulated  total  units: 

600 

Efficiency  of  Barker  in  X: 

60.00 

X  of  total  units  in  orders 

50.00 

Accumulated  X  of  total  order: 

50.00 

Spreading  eethod: 

Zigng 

:  15  j 


2.  *  *  ♦  *  *  *  H16H-0P2 


Sues  in  larker:  1*32  5*34 


Please  enter  the  effectively  produced  earker  lergth  here! 


Total  sizes  in  Barker: 

6 

Nusber  of  lays: 

1 

Type  of  Barker: 

Open 

Nusber  of  plies  (NOT  folds1): 

92 

Cost  per  unit: 

3.67 

Cost  per  unit  (avg.): 

3.80 

Total  costs: 

2025.20 

Total  units  in  eader: 

552 

Accuaulated  total  units: 

1152 

A10 


Efficiency  of  Barker  in  X:  84.00  X  of  total  units  in  order!  46.00  Accumulated  X  of  total  order:  96.00 

Spreading  sethod:  Zigzag 


3.  *  *  *  *  *  *  HIGH-0P3 


Sizes  in  Barker!  2*30 


Please  enter  the  effectively  produced  Barker  length  here: 


Total  sizes  in  Barker: 

2 

Kuaber  of  lays: 

1 

Type  of  Barker: 

Open 

Nucber  of  plies  (HOT  folds!)! 

14 

Cost  per  unit: 

4.08 

Cost  per  unit  (avg.l: 

3.61 

Total  costs: 

114.18 

Total  units  in  Barker: 

28 

Accuiulated  total  units: 

1180 

Efficiency  of  Barker  in  X: 
Spreading  Bethod: 

70.00 

Zigzag 

X  of  total  units  in  order: 

2.33 

Hccueulated  X  of  total  order: 

98.33 

:  14  j 


4.  *  *  *  *  *  ♦ 


H16H-0P4 


Sizes  in  Barker;  2*32 


Please  enter  the  effectively  produced  Barker  length  here: 


Total  sizes  in  earler: 

2 

Nu»ber  of  lays: 

1 

Type  of  Barker: 

Open 

Huaber  of  plies  (HOT  folds!): 

6 

Cost  per  unit: 

5.24 

Cost  per  unit  (avg.): 

3.82 

Total  costs: 

62.82 

Total  units  in  Barker: 

12 

Accuiulated  total  units: 

1192 

1  Efficiency  of  Barker  in  X: 

70.00 

X  of  total  units  in  order: 

1.00 

Accuiulated  X  of  total  order: 

99.33 

|  Spreading  aethod: 

Zigzag 

! 


Orders  ABDEFJ 


|  Color\Sizes 

30 

32 

34 

3& 

38 

40 

ONE  COLOR 

200 

200 

200 

200 

200 

200 

1200 

1 

200 

200 

200 

200 

200 

200 

1200 

I 

^araseter  table  naeeis  1 


|Max.  no.  of  plies  (not  folds): 

1  Plus  deviation/size/color: 
Minus  deviation/size/color: 

1 

47 

0 

0 

Mai:,  no.  of  sizes  in  earlier: 

Cost  of  cloth: 
Usable  width  of  cloth  in  ins.: 

9? 

10.00 

5B.00 

Periseter  of  pattern  in  ins.: 
Area  of  pattern  ir.  ins. *: 
Calculated  usage  in  ins: 
Calculated  efficiency  in  X: 

317 

780 

19.21 

70.01 

|  1. 

AEDEFJ-0P1 

fcizes  in  Barker:  1»30  1*32 

1*34 

1*36  1*38  1*40 

■ 

Please  enter  the  effectively  produced  sarker 

lenotn  here: 

I  Total  sizes  in  aarker: 

& 

Nuiber  of  lays: 

5 

Type  of  Marker: 

Gpen 

■  Nuiber  of  plies  (NOT  folds!): 

200 

Cost  per  unit: 

4.00 

Cost  per  unit  (avg.); 

4.00 

Total  costs: 

4E02.40 

Total  units  in  Marker : 

1200 

Accuiulated  total  units: 

1200 

1  Efficiency  of  sarker  in  X: 

84.00 

X  of  total  units  in  order: 

100.00 

Accueulated  X  of  total  order: 

100.00 

1  Spreading  settled: 

Zigzag 

ONE  COLOR:  2001 
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I 

■  Order:  BCDHJK 


I 

I 


Colcr\Sizes 

30 

33 

34 

36 

38 

40 

163 

S3? 

5?9 

45 

134 

30 

1300 

163 

33? 

59? 

45 

134 

30 

1300 

I 

Parateter  table  nar.e: :  3 


1  flax.  no.  of  plies  (not  folds): 

®  Plus  deviation/sire/color: 

Minus  deviation/size/color: 

1 

4? 

10 

10 

flax.  no.  of  sizes  in  aarker: 

Cost  of  cloth: 
Usable  width  of  cloth  in  ins.: 

99 

0.50 

58.00 

Ferieeter  of  pattern  in  ins.: 
Area  of  pattern  in  ins, 2: 
Calculated  usage  in  ins: 
Calculated  efficiency  in  X: 

317 

780 

19.31 

70.01 

8CDHJK-0P1 

■■ 

B Sizes  in  aarker :  3*30  5*33 

9*34 

1*36  3*33 

Please  enter  tr.e  effectively  produced  aarker  length  here: 

§§  Total  sizes  in  aarker: 

30 

Nuaber  of  lays: 

l 

Type  of  aarker: 

Open 

Nusber  of  plies  (NOT  folds!): 

45 

Cost  per  unit: 

0.33 

Cost  per  unit  (avg.): 

0.33 

w  Total  costs: 

306.93 

Total  units  in  aarker: 

900 

Accumulated  total  units: 

900 

I  Efficiency  of  aarker  in  X: 

80.00 

X  of  total  units  in  order: 

75.00 

Accumulated  X  of  total  order: 

75.00 

®  Spreading  aethod: 

Zigzag 

1  :  Wj 

1 

mwnsmm 

BCDHJK-QP3 

^  Sizes  in  aarker:  5*34  1*38 

■  Please  enter  the  effectively  produced  carter  length  here: 

Total  sizes  in  earker: 

5 

Nusber  of  lays: 

1 

Type  of  sarker: 

Open 

mm  IluGber  of  plies  (NOT  folds1): 

34 

Cost  per  unit: 

0.37 

Cost  pe-  unit  (avg.): 

C.3* 

1  Total  costs: 

54.11 

Total  units  in  earker: 

304 

Accumulated  total  units: 

1104 

Efficiency  of  Barker  in  X:  84.00 

Spreading  iethod:  Zigzag 


X  of  total  units  in  order:  17.00  Accueulated  X  of  total  order:  92.00 


:  34  j 


3.  ******  BCDHJK-0P3 


'Sizes  in  Barker:  2*30  1*32  1*34  2*40 


[Please  enter  the  effectively  produced  earker  length  here: 


Total  sizes  in  Barker: 

6 

Nusber  of  lays: 

1 

Type  of  aarker: 

Open 

Nusber  of  plies  (K0T  folds!): 

14 

Cost  per  unit: 

0.35 

Cost  per  unit  (avg.): 

0.24 

Total  costs: 

29.64 

Total  units  in  Barker: 

84 

Accusulated  total  units; 

1188 

Efficiency  of  aarker  in  X: 

84.00 

X  of  total  units  in  order: 

7.00 

Accumulated  X  of  total  order: 

99.00 

Spreading  nethod: 

Zigzag 

4.  *****  * 


BCDHJt'-0P4 


Sizes  in  aarker:  2*34 


please  enter  the  effectively  produced  earker  length  here: 


Total  sizes  in  earker: 

2 

Nu*ber  of  lays: 

1 

Type  of  Barker: 

Open 

Number  of  plies  (NOT  folds!): 

5 

Cost  per  unit: 

0.90 

Cost  per  unit  (avg.): 

0.25 

Total  costs: 

9.02 

Total  units  in  Barker: 

10 

Accusulated  total  units: 

1198 

Efficiency  of  aarker  in  X: 
Spreading  sethod: 

70.00 

Zigzag 

X  of  total  units  in  order: 

0.83 

Accumulated  X  of  total  order: 

99.83 

!  5i 
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Orders  ACDEIK 


Color\Sizes 

30 

38 

34 

34 

38 

40 

6 

9 

85 

8 

5 

1 

43 

& 

9 

85 

8 

5 

1 

48 

Parameter  table  nase: :  8 

I  Max.  no.  of  plies  (not  folds): 

47 

Rax.  no.  of  sizes  in  earker: 

99 

Periieter  of  pattern  in  ins.: 

317 

1  Plus  deviation/size/color: 

0 

Cost  o!  cloth: 

10.00 

Area  of  pattern  in  ins.*: 

780 

Minus  deviation/size/color: 

0 

Usable  Mdth  of  cloth  in  ins.: 

58.00 

Calculated  usage  in  ins: 

19.81 

1 

Calculated  efficiency  in  X: 

70.01 

1,  *  *  »  ♦  *  * 


ACDEIK-OPl 


Sizes  in  Barkers  1*30  1*38  4*34 


Please  enter  the  effectively  proceed  aarker  length  here! 


Total  sizes  in  Barker: 

4 

Nuaber  of  lays: 

1 

Type  of  aarker: 

Open 

Nueber  of  plies  (HOT  folds1): 

4 

Cost  per  unit: 

4.16 

Cost  per  unit  (avg. ) : 

4.16 

Total  costs: 

149.45 

Total  units  in  aarker: 

36 

Accuaulated  total  units: 

36 

Efficiency  of  aarker  in  X: 

84.00 

X  of  total  units  in  order: 

75.00 

Accuculated  X  of  total  order: 

75.00 

Spreading  aethod: 

Zigzag 

:  &| 


8.  *****  *  ACDEIK-0P8 


Sizes  in  Barker:  3*38  1*34  8*34  5*33  1*40 


IPlease  enter  the  effectively  produced  Barker  length  here: 


Total  sizes  in  aarker: 

18 

Nuaber  of  lays: 

1 

Type  of  aarker: 

Open 

Kutber  of  plies  (NOT  folds'): 

1 

Cost  per  unit: 

8.08 

Cost  per  unit  (avg.): 

5.14 

Total  costs: 

97.00 

Total  units  in  aarker: 

18  ■ 

Accuaulated  total  units: 

48 

Efficiency  of  Barker  in  X:  80.00  X  of  total  units  in  order:  25.00  ficcwulated  X  of  total  order:  100.00 

Spreading  eethod:  Zigzag 
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'Sizes  in  Barker:  2*Hediun 
^Please  enter  the  effectively  produced  Barker  length  here: 


Total  sizes  in  Barker: 

2 

Nunber  of  lays: 

1 

Type  of  Barker: 

Open 

llunber  of  plies  (HOT  folds! ) : 

24 

Cost  per  unit: 

0.38 

Cost  per  unit  (avg.): 

0.38 

Total  costs: 

18.10 

Total  units  in  Barker: 

48 

Accuaulated  total  units: 

48 

Efficiency  of  Barker  in  i: 

70.00 

1  of  total  units  in  order: 

100.00 

AccuBulated  1  of  total  order: 

100. 
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Order:  ABCGIJ 


Color\Sizes  I  34 


34 

1200 

1200 

1200 

1200 

•araneter  table  name::  4 
Max.  no.  of  plies  (not  folds): 


I  Max.  no.  of  plies  (not  folds): 
Plus  deviation/size/color: 
Minus  deviation/size/color: 


108  Hax.  no.  of  sizes  in  Darker: 
0  Cost  of  cloth: 

0  Usable  width  of  cloth  in  ins.: 


1,  «  *  *x  H 


ABCGIJ-0P1 


Sizes  in  narker:  6*34 

’lease  enter  the  effectively  produced  Darker  length  here: 


Perimeter  of  pattern  in  ins.: 
Area  of  pattern  in  ins.2: 
Calculated  usage  in  ins: 
Calculated  efficiency  in 


:  200 1 


n 


Total  sizes  in  Darker: 

6 

Nunber  of  lays: 

2 

Type  of  Darker: 

Open 

Number  of  plies  (NOT  folds!): 

200 

Cost  per  unit: 

3.70 

Cost  per  unit  (avg. ) 

3.70 

Total  costs: 

4438.84 

Total  units  in  Barker: 

1200 

Accumulated  total  units: 

1200 

Efficiency  of  narker  in  1: 
Spreading  method: 

84.00 

Zigzag 

1  of  total  units  in  order: 

100.00 

Accumulated  1  of  total  order: 

100.00 
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Parameters:  ABDEFJ 


Problem  parameters. .  : 


|  Number  of  sizes......... 

•  1 1  6 

Multiple  plies . 

1 

Spreading  overhead. 

.HIN/SPR 

6.00 

Number  of  colors........ 

...  i 

flax  Ply-difference... 

100 

Spreading  cost . 

...$  /HR 

25.00 

m  flax  sizes  /  marker . 

10 

Units/plie  yield . 

1 

Spread  rate . 

..YD/fllN 

45.00 

if  Min  sizes  /  marker . 

1 

Spreadflethod . . 

Zig/Zag 

Turn  Time . 

.SEC/END 

6 

™  Parj ty. . , - T . 

...  Fithpr 

PI  ipp/himrtlp . . . . 

12 

Roll  change  time. . . 

. SEC 

360 

Overcut  X . 

...  0.00 

flax.  Spreadlength,... 

100.00 

Cutting  overhead.... 

.fllN/CUT 

5.00 

H  llndprriit  X . 

...  0.00 

flarkpr  width . . . 

. IN 

58.00 

CuttingTime/Size. . . 

267 

■  Overcut  units... . . 

...  0 

Pattern  area . . 

...S81N 

550.00 

Cutting  cost/Hour... 

...$  /HR 

30.00 

IlnHornifc  units . 

...  0 

Fnd  1  nsp . 

. IN 

2.50 

Cost/Bundle........ 

0.10 

■■  Msvj ana  p]  i ps. . . 

...  47 

Fixpri  Cost/Marlipr. . . . 

...... 

1.25 

Stack  factor  X...... 

0.00 

■  flinimue  plies . 

...  1 

Cost/Size  Marker..... 

1.00 

Split  factor  X.... 
Fabric  cost . . 

...»  /YD 

0.00 

10.00 

Mark  size  scale 


123456769  10 


1.00  1.00  1.06  1.03  1.05  1.05  1.06  1.07  1.0S  1.08 
Spreading  size  scale 
1  6  3  4  5  6  7  6  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  timo  scale 

1  6  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


■ . 

*  Colors 

SI 

Sc 

S3 

S4 

S5  S6 

|  Red 

200 

200 

200 

200 

200  200 

Total 

200 

200 

200 

200 

200  200 

Units 

1200 

1200 
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I 

Marker  solution .  :  =  =  =  .  ■ 

I  Marker  1  Repeat  3  Plies  100  UnitslOOO 
"  SI  SE  S3  S4  S5  Sizes 


2  2  2  2  2  10 


Marker  2  Repeat  1  Plies  33  Units  193 
S 6  Sizes 


b  6 


Cutting  Order  Report  :  -  - 

Marker  1  2  3  Total 

Colors  Repeat  [  33  t  13  t  13  [53 


100  33  2  135 


100  33  2  135 


Deviation  report....  : 


I  I 


Total  0  0  0  0  0  0 


Units  produced 


Colors  SI  S2  S3  S4  S5  S6 


200  200  200  200  200  200 


Total  200  200  200  200  200  200  1200 


Unit  solution.....,,  ; 


Marker  number . s  1  Repeat  Cl/33 

Spread  length . :3-9.78 

Colors  . YD  Plies  SI  S2  S3  S4  S5  Total 

Sizes  Harked .  2  2  2  2  2  10 

Red  153-27.42  47  94  94  94  94  94  470 


Total  153-27.62  47  94  94  94  94  94  470 


39.171 


Marker  number . :  1  Repeat  CS/33 

Spread  length . :3-9.78 


Colors  . YD  Plies  SI  S2  S3  S4  S5  Total 

Sizes  Harked .  2  2  2  2  2  10 


Red  153-27.62  47  94  94  94  94  94  470 


total  153-27.62  47  94  94  94  94  94  470 


39.171 


Marker  number . :  1  Repeat  C3/33 

Spread  1  eng th ....... s 3-9 . 78 

Colors  . YD  Plies  SI  S2  S3  S4  S5  Total 

Sizes  Marked .  2  2  2  2  2  10 

Red  19-22.67  6  12  12  12  12  12  60 


Total  19-22.67  6  12  12  12  12  12  60 


5.001 


Marker  number . :  S  Repeat  Cl/13 


Spread  length.... 

• 

•  •  •  ■ 

£-3.86 

Colors  . .YD 

Plies 

S6  Total 

Sizes  Harled.. 

6  6 

Red  69-19.32 

33 

198  198 

Repeat  C 1 / 1 □ 


Total  69-19,32  33  198  198 

16.5QX 

Marker  number.......:  3 

Spread  length . :0-16.59 

Colors  ......YP  Plies  S6  Total 

Sizes  Harked .  1  1 

Red  0-33.17  2  2  2 

Total  0-33,17  2  2  2 

0.17X 

MaterialConsumption 

Colors  Length  Rest 

Red  391-22.41 
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Marker  cost  sugary.  : 


1  Marker  nuaber . . . . 

..  1 

Nuaber  of  stacks...... 

3 

Marker  Origin...... 

New 

Est  Eff . 

85.55 

Marker  width . 

58.00 

Marker  length . 

3-  7.28 

Si  S2  S3  S4  S5 

Sizes 

£  £  £  £  £ 

10 

Marking  cost... . . 

.$  12.05 

Total  Flies . 

100 

Spread  length . 

3-  9.78 

Spreading  cost . 

.$  12.20 

1  bundles. . . . 

84 

Fabric  used., . 

327-6 

Cutting  cost/Hour........ 

.»  42.21 

Units/plie  yield . 

1 

Spreading  tice. . . . 

0.49 

Bundling  cost...... . 

.$  8.40 

Plies/bundle . 

12 

Cutting  tiae . 

1.41 

Fabric  cost . . . 

.$  3271.64 

Fabric  cost . . 

..$  /YD 

10.00 

total  tiae . . 

1.89 

total  cost. . . . 

total  units . 

Avg  Cost/unit..... 

3.35 

Marker  nuaber . . . 

..  2 

Nucber  of  stacks...... 

1 

Marker  Origin...... 

New 

Est  Eff . 

85.32 

Marker  width . 

58.00 

Marker  length..... 

2-  1.36 

S 6  Sizes 

6  6 

fiarki  nn  rn^t . . . . . 

.t  7.55 

Total  Plies. ........ . 

33 

Sprpad  length..... 

.......YD 

2-  3.86 

Spreading  cost.. . 

.»  7.02 

i  bundles . . 

a  a  a  a  a  a  a 

17 

Fabric  used . 

. YD 

69-19 

Cutting  cost/Hour........ 

,t  9.84 

Units/plie  yield..... 

>  i  •  a  a  •  i 

1 

Spreading  tiae.... 

....Hours 

0.28 

Bundling  cost . 

.»  1.70 

Plies/bundle . 

12 

Cutting  tiae . 

....Hours 

0.33 

Fabric  cost . . 

.$  6C5.37 

Fabric  cost,... . . 

..$  /YD 

10.00 

total  tiae........ 

....Hours 

0.61 

total  cost..... . 

.$  721.48 

total  units . . 

i  •  a  a  a  •  » 

198 

Avg  Cost/unit . 

a  a  a  a  a  a  a  a  $ 

3.64 

.Marker  nuaber. . 

3 

N'lfber  of  stacks.... 

1 

Marker  Origin . 

New 

Est  Eff . 

74.05 

Marker  width, . 

58.00 

Marker  length . 

0-14.09 

'  S6  Sizes 

1  1 

Marling  cost... . 

.»  2.25 

Total  Plies........ . 

£ 

Spread  length...... 

0-16.59 

Spreading  cost . 

.»  5.09 

f  bundles . 

1 

Fabric  used . 

0-33 

Cutting  cost/Hour . 

.1  3.72 

Units/plie  yield.... 

1 

Spreading  tiae..... 

0.20 

Bundling  cost . . 

.*  0.10 

Plies/bundle . . 

12 

Cutting  tiae . 

0.12 

Fabric  cost . . 

.$  9.21 

Fabric  cost . . 

,...»  /YD 

10.00 

total  tiae......... 

.....Hours 

0.33 

1  total  cost... . . 

.$  20.38 

total  units......... 

2 

Avg  Cost/unit...... 

10.19 

B8 


Total  tost  susaary 


Sizes  Varied 


Sizes  Si  SE  S3  S4  S5  Total 
E  2  2  2  2  IQ 


I 


Braphics  Output :  ;  ; =  „  1  — — == = — ===== ===== 

Marker  number.. . :  2  ()  Repeat  Cl/13,  4 

SpreadHethod  . Zig/Zag 


Colors  Plies  Spread  length 


Red  | 

33 

69-19.3VD 

Total 

33 

< - 2-  3.86  - > 

Sizes  S6  Total 
Sizes  harked .  6  6 


Total  Units  19S  198 

Graphics  Output .  i 


Marker  number. . :  3  ()  Repeat  Cl/13,  5 

SpreadNethod  . 2ig/2ag 

Colors  Flies  Spread  length . 


Colors  Flies  Spread  length . 


1 _ 

Red  j  2  | 

0-33.2YD 

Total  2 

0-16.59  - 

) 

Sizes  S6  Total 
Sizes  Narked .  1  1 


Total  Units  8  2 


J 


Harter  Solution  II,,  : 


I 


Marker 

Sizes 

Sizes/Marker 

Repeat 

Flies 

Units 

_ 

SI  S2  S3  S4  S5  S  6 

1  2  £  2  2  2 

10 

3 

1000 

1 . 6 

6 

1 

ES 

198 

1 . 1 

1 

1 

8 

3 

17 

5 

135 

1200  1 

Optimized  Spreading  i 


Colors 

Plies 

StartPointi 

EndPointiSpread  length . . 

Red 

2 

0-  0.00 

12-  2.53 

24-  7.56 

Red 

9 

0-  0.00 

11-24.45 

46-30.78 

Red 

27 

0-  0.00 

8-17.17 

229-29.24 

Red 

14 

0-  0.00 

6-15.81 

90-22.81 

I 


9 


Paraieters:  flCDEIK 


Problea  paraeeters..  : 


Number  of  sizes . 

•  •  •  6 

Multiple  plies . 

1 

Spreading  overhead. 

.HIN/SPR 

6.00 

Nucber  of  colors. . . 

i 

Max  Fly-difference... 

100 

Spreading  cost . 

...$  /HR 

8.00 

Max  sizes  /  aarker . 

...  10 

Units/plie  yield . 

1 

Spread  rate . 

..YD/MIN 

45.00 

Min  sizes  /  earlier . 

1 

Spreadhethod  . . 

Zig/Zag 

Turn  Tiee... . . 

.SEC/END 

6 

Parity . . . 

...  Either 

Plies/bundle . . 

12 

Roll  change  tiee... 

. SEC 

360 

Overcut  X . . . 

...  0.00 

Max.  SpreadLength. . . . 

100.00 

Cutting  overhead... 

.NIN/CUT 

5.00 

Undercut  X . 

...  0.00 

Marker  width . 

58.00 

CuttingTiae/Size... 

267 

Overcut  units . 

•  ■  •  0 

Pattern  area . 

...SBIN 

550.00 

Cutting  cost/Hour., 

...$  /HR 

30.00 

Undercut  units.......... 

End  Loss.. . 

. IN 

2.50 

nnst/Rimrtlp . 

t 

O  10 

rtaxifiur  plies, . 

...  47 

Fixed  Cost/Marker.... 

1.25 

Stack  factor  X . 

0.00 

Niniaus  plies . . . 

1 

Cost/Size  Marker,.... 

1.00 

Split  factor  X.... 

0.00 

Fabric  cost . %  /YD  10.00 


Mark  size  scale 

1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.0?  1.03  1.05  1.05  1.06  1.0?  1.08  1.08 


Spreading  size  scale 

!  8  3  4  5  6  7  8  8  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 

12  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


B 1 3 


Problee  parameters..  :  =  = .  =  ^ . r- — — 

Common  Line  factor 

1  2  3  4  5  4  7  8  9  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

18  3  4  5  6 

1.00  1.02  1.04  1.04  1.0S  1.10 

Material  Util  scale 

1  2  3  4  5  4  7  8  9  10 

74.0  75.1  75.2  75.2  75.3  85.3  85.4  85.4  85.5  85.5 

Input  table .  :  . . . . — 

Colors  SI  S2  S3  S4  S5  54  Units 

Red  4  9  25  2  5  1  48 

Total  4  9  25  2  5  1  48 


B14 


J 


I 


Cutting  Order  Report  : 


Harder 
Colors  Repeat 


12  3  4  Total 

[  in  n  i  n  i  u  t 4i 


Red 


12 


Total 


6  3  2  1  IE 


Aviation  report,...  i 


h  Colors 

SI 

S2 

S3 

S4 

S5 

S4 

Units 

"  Red 

0 

0 

0 

0 

0 

0 

0 

|  Total 

0 

0 

0 

0 

0 

0 

0 

Jjnits  produc 

ed 

|j  Colors 

SI 

S2 

S3 

S4 

S5 

S6 

Units 

Red 

■ _  _ _ .... 

6 

9 

25 

2 

5 

1 

48 

1  Total 

6 

9 

25 

2 

5 

1 

48 

I 


Unit  solution .  : 


Marker 

number . . , 

>  a  •  a  • 

:  1 

Repeat 

|Spread 

length. . . . 

■ 

»  m  m  m  m 

1-35 

.  19 

Colors  . YD 

Plies 

SI 

S2 

S3 

Total 

Sizes  Narked. 

1 

1 

4 

b 

I 

Red  11-31.14 

6 

6 

6 

24 

36 

1 

Total  11-31,14 

6 

6 

6 

24 

36 

i 

75.00X 

I  Marker 

number . . . 

i  •  •  •  • 

:  2 

Repeat 

'Spread 

length .  .  .  . 

a 

i  a  a  a  a 

0-29 

.02 

1 

Colors  ...... YB 

Plies 

S2 

S5 

Total 

Sizes  Harked. 

1 

1 

2 

l 

Red  2-15.05 

3 

3 

3 

6 

| 

Total  2-15.05 

3 

3 

3 

6 

1 

12.50X 

1 

Marker 

number . . . 

<  •  •  a  • 

:  3 

Repeat 

^Spread  length.... 

.  .  .  :  O' 

-29 

.52 

Colors 

Plies 

S4 

S5 

Total 

Sizes  Harked., 

1 

1 

2 

Red 

1-23.04 

2 

2 

2 

4 

i  Total 

1-23.04 

2 

2 

2 

4 

8.33X 


C1/1D 


C1/1D 


C  1/1  D 


1 


Marker  number.......:  4  Repeat  Cl/13 

pread  1 eng th .......: 0-29 . 52 

Colors  . YD  Plies  S3  S6  Total 

Sizes  Harked . .  1  1  3 

Red  0-29.52  1  112 

Total  0-29.52  1  T  I  2 


4.171 


aterialConsumption 


Colors 

Length 

Rest 

Red 

16-  7.55 

1 


m  Marker  cost  suecar 

^Marker  nuiber..... 

y.  :  - 

1 

Nuiber  of  starts. . . . 

i 

Marker  Origin . 

New 

Est  Eff . 

85.32 

Marker  width.. . 

58.00 

Carter  length . 

1-32.69 

f  SI  S2  S3 

H 

Sizes 

1  1  4 

6 

g|  Hurling  rflSt . 

. $ 

7.55 

Total  Plies... . 

6 

Spread  length . 

. YD 

1-35,19 

■  Spreading  cost... 

1.72 

I  bundles... . 

4 

Fabric  used....... 

i « « « t • i YD 

11-31 

Cutting  cost/Hour 

9.38 

Units/plie  yield... 

1 

Spreading  tiae. . . . 

....Hours 

0.21 

_  Bundlinq  cost.... 

0.40 

Flies/bundle....... 

12 

Cutting  tiie . . 

....Hours 

0.31 

I  Fabric  cost . 

118.65 

Fabric  cost . 

...»  /YD 

10.00 

total  tiae . 

....Hours 

0.53 

filial  rust . 

. t 

total  units . 

flvg  Cnst/unit . 

. $ 

m _ 

I 

Starker  nuiber . 

2 

Nuiber  of  stacks.... 

1 

Marker  Origin...... 

New 

*  Est  Eff . 

75,10 

Marker  width . 

. IN 

58.00 

Marker  length . 

. YD 

0-26.52 

S2  S5 

■ . 

Sizes 

■  1  1 

2 

Marking  cost . 

immif 

3.25 

Total  Plies........ 

3 

Spread  length . 

0-29.02 

■  Spreading  cost... 

i  i  1 1  i  i  1 1  i  f 

1.65 

*  bundles.... . 

1 

Fabric  used . 

2-15 

|  Cutting  cost/Hour 

MMMII* 

4.84 

Units/plie  yield... 

1 

Spreading  tice.... 

....Hours 

0.21 

Bundling  cost.... 

IIIMMIlf 

0.10 

Flies/bur.dle . 

12 

Cutting  tiie . 

0.16 

24.18 

Fabric  rod. . 

...$  /YD 

10,00 

total  tine . . 

0.37 

|  . 

*  total  cost . 

IIMM  l«* 

34.01 

total  units . . 

6 

fivg  Cost/unit . 

5.67 

I 


farker  nuiber..... .  3 

Est  Vi .  75.10 

S4  S5  Sizes 

II  1  2 

Marling  cost . I  3.25 

Spreading  cost..... . $  1.63 

I  Cutting  cost/Hour. 6.88 

Bundling  cost . ...$  0.10 

Fabric  cost . . . $  16.40 


Nuiber  of  stad.s . . . 

Marker  width . IN 


Total  Plies... . . 

t  bundles . . 

Units/plie  yield . . 

Flies/bur.dle . . 

Fabric  cost . ...t  /YD 


1 

58.00 


2 

1 

1 

12 

10.00 


Marker  Origin .  New 

Marker  length . YD  0-27.02 


Spread  length. 
Fabric  used... 
Spreading  tiie 
Cutting  tice. . 
total  tiie.... 


...YP  0-29.52 

....YD  1-23 

Hours  0.20 

■Hours  0.16 

Hours  0.37 


0.10 

16.40 


4 

75.10 


Number  of  stacks 
Harker  width.,. 


.  1 
IN  58.00 


Narker  Origin., 
Narker  length 


.  New 
YD  0-87.02 


rker  nuiber.. . . 

Est  Eff . 

S3  S6  Sizes 


1  1 

■larking  cost . . 

pleading  cost..., 
Cutting  cost/Hour. 
—Bundling  cost. 

I 

total  cost. 


8 


Fabric  cost.......... . $ 


.* 

3.85 

Total  Plies . . 

1 

Spread  length...... 

0-89.58 

.* 

1.68 

t  bundles . . 

1 

Fabric  used....... 

0-30 

.$ 

4.88 

Uni ts/pl :e  yield..., 

1 

Spreading  tire...., 

. Hours 

0.80 

.$ 

0.10 

Piies/bundle . 

18 

Cutting  tise . 

0.16 

.$ 

8.20 

Fabric  cost . 

,...$  /YD 

10.00 

total  tise . . .., 

. Hours 

0.36 

.$ 

18.05 

total  units. . 

8 

Avg  Cost/unit . 

9.08 

I 


mT o t a  1  cost  sucoary,. 

™otal  barkers . 

Narking  cost . 

Ipreading  cost . 

utting  cost/Hour . 

Bundling  cost . 

■abric  cost . 


4  fiVS  e'f 


',7.30 

Number  of  stacks... 

..$ 

6.61 

i  bundles . 

83.97 

Uni ts/pl le  yield... 

..$ 

0.70 

Fabric  cost.,.,,... 

,...$  /YD 

167.43 

Fabric  used . 

..$ 

816.01 

total  units . 

82.76  barker  width . . .  58.00 

4  Sizes  Narked . . .  18 

7  Total  Plies. .  18 

1  Spreading  time . Hours  0.83 

10.00  Cutting  time . .....Hours  0.80 

16.74  total  time . . . Hours  1.63 


48  ftvg  Cost/unit 


1 


I 

I 


Graphics  Output.....  : 


Marker  number 
Spreadftethod  . .Zig/Zag 


2  <  ) 


I 

I 

I 

I 

r 

Spr 

■/ 

I 

I 

I 


Colors  Plies  Spread  length. 


Red  j  3  | 

8-15. OVD 

Total  3 

0-29.02 


Sizes  S8  S5  Total 
zes  harked... .  1  1  8 

Total  Units  3  3  6 


raphics  Output.. 


•Marker  number . :  3  () 

Spreadhethod  . Ztg/Zag 


Colors  Plies  Spread  length. 


Redj 

2  I 

1-83. OYD 

Total 

8 

0-89.58 


Sizes  S4  S5  Total 
iLzes  harked. .  1  1  8 

Total  Units  8  8  <i 


I 

I 

I 


Repeat  C1/1D,  2 


Repeat  Cl/13,  3 


Repeat  C  1  /  1  3  ,  4 


Graphics  Output . 


Marker  number 
JpreadKethod  . Zig/Zag 


I 

I 

I 

I 

I 


4  (  > 


Total  Units  l  1 


Colors 

Plies 

Spread  length,. . 

Red  | 

1 

|  0-29, 5YD 

Total 

1 

Sizes 

S3  S& 

Total 

es  Marked ........  1 

1 

2 

Opticized  Spreading 


I 


Colors 

Plies 

StartPointi 

EndPoint : Spread  length . . 

Red 

1 

C-  0.00 

4-  6.50 

4-  7.75 

Red 

1 

0-  0.00 

3-15.48 

3-16.73 

Red 

1 

0-  0.00 

2-24.46 

2-25.71 

Red 

3 

0-  O.QO 

1-33.94 

5-33.57 

Paraseters:  ACDF3H 


6  Multiple  plies . . .  1  Spreading  overhead... HIN/SPR  6.00 

1  Max  Ply-difference . .  100  Spreading  cost . i  /HR  25.00 

10  Units/plie  yield .  1  Spread  rate . YD/NIN  45.00 

1  SpreadMethod  . . . .  Zig/Zag  Turn  Ti«e....... . SEC/END  6 

Either  Plies/bundle .  12  Roll  change  tise . SEC  360 

0.00  Max.  SpreadLergth . YD  100.00  Cutting  overhead . HIN/CUT  5.00 

0.00  Marker  width . IN  58.00  CuttingTiae/Size . SEC  267 

10  Pattern,  area . ...S8IN  550.00  Cutting  cost/Hour . $  /HR  10.00 

10  End  Loss . IN  2.50  Cost/Bundle . $  0.10 

108  Fixed  Cost/Marker . I  1.25  Stack  factor  X .  0.00 

1  Cost/Size  Marker..... . I  1.00  Split  factor  X . . .  0.00 

Fabric  cost . $  /YD  10.00 

Mark  size  scale 


1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.02  1.03  1.05  1.05  1.06  1.07  1.08  1.08 


Spreading  size  scale 


1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 


Cutting  time  scale 


1  2  2  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


rob  lee  paraneters.. 


Nuaber  of  sizes.... 

Ipirber  of  colors... 
ax  sizes  /  aarker, 
in  sizes  /  aarker. 

iarity . . 

vercut  X . 

ndercut  X . 

Overcut  units...... 

■ndercut  units . 

|axieus  plies...... 

Minioua  plies . 


■roblee  paraieters..  : 


Common  Line  factor 

1  8  3  4  5  6  7  8  9  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

1  E  3  4  5  6  . 

1.00  1.08  1.04  1.06  1.08  1.10 

Material  Util  scale 

1  8  3  4  5  6  7  8  8  10 

74.0  75.1  75.8  75.8  75.3  85.3  85.4  85.4  85.5  85.5 


^nput  table 


i:....::: . 

Colors 

ft::::::::::::::::::::::- 

51  58 

S3  54  85  56 

Units 

1  Red 

6  9 

85  8  5  1 

48 

£  Total 

6  9 

85  8  5  1 

48 

1 

■ker  solution..,.,  :  — 

barker  1  Repeat  1 
■  1  58  S3  54  55 

Plies  11 

S6  Sizes 

Units  88 

113  11 

1  8 

1 

|  Marker  Sizes 

Repeat 

Plies  Units 

Total  Plies . 

Marker  Repeat 


Total  1 


11  29-6.70 


putting  Order  Report 

Marker  1  Total 
^Colors  Repeat  t  11  [11 


II  11 


SI  S2  S3  S4  S5  S6 


11  11  33  11  11  11 


Total  11  11  33  11  11  11 


Units 

0 

0 


Unit  solution . .  : 


Marker  number . :  1 

Ipread  1  eng th E-23 . 52 


Repeat  l 1 / 1 3 


Colors  . YD  Plies  SI  S2  S3  S4  S5  S6  Total 

Sues  Harked .  113  111  8 


Red  29-  6.70  11  11  11  33  11  11  11  88 


Total  29-  6.70  11  11  11  33  11  11  11  88 


100.00X 


later ialConsamption 


Length  Rest 


Jarker  cost  siatary.  : 

irker  nuiber.... . 

st  Eff . 

SI  S2  S3  S4  S5  S6 


1  Nucber  of  stacks. 
85.43  Marks'-  width... . 
Sizes 


1113  111 

arking  cost . $ 

Spreading  cost.... ........( 

(fitting  cost/Hour. 

undling  cost.. . t 

abric  cost . 


9.81  Total  Plies . 

5.73  i  bundles. . . . 

3.94  Units/plie  yield...... . 

0.80  Phes/bundle . . . 

291.86  Fab- ic  cost . ......I  /YD 


Marker  Origin.. . .  New 

Marker  length... . . ,...YD  2-21.02 


Spread  length . ...YD  2-23.52 

Fabric  used . YD  29-7 

Spreading  tiae . Hours  0.23 

Cutting  tise . Hours  0.39 

total  tiae . Hours  0.62 


I 


I 

Total  cost  sueiary..  : 


£ptal  Markers .  1  AV6  off . 

Harking  cost.. . t  9.81  Kur.ber  of  stacks 

(reading  cost, . t  5,73  it  bundles. . 

tting  cost/Hour . $  3.94  Units/plie  yield 

ndling  cost. . $  0,80  Fabric  cost . 

Fabric  cost . 891.86  Fabric  used..,.. 


ta!  cost. . 312.14  total  units 


.  85,43  darker  width . 58.00 

.....  1  Sizes  Harked... . . .  8 

.....  8  Total  Plies.... . . .  11 

.....  1  Spreading  tiee . Hours  0.83 

$  /YD  10.00  Cutting  tiee..., . Hours  0.3? 

...YD  89.1?  total  tiee . . . Hours  0.68 


88  Avg  Cost/unit . $  3.55 


Marker  number . :  1  <)  Repeat  C1/1D,  1 

preadHethod  . Zig/Zag 


Sizes  SI  SS  S3  S4  S5  S6  Total 
zes  Harked.. .  113  1118 


Total  Units  11  11  33  11  11  11  88 


Optieized  Spreading 


11  Red 

<  2-21.02  > 


Colors  Plies  Sta^tPoint:  EndPoint:Spread  length . 

Red  11  0-  0.00  2-22.27  29-  6.70 


Parameters:  BCDHJK 
Problea  parameters..  :  - - - - 


Nuiber  of  sizes.. . .  6 

Nuiber  of  colors . . .  1 

dax  sizes  /  aarker . .  10 

Hin  sizes  /  aarker.. .  1 

Parity............ .  Either 

Overcut  X . 0.00 

Undercut  X..... . 0.00 

Overcut  units..... . .  10 

Undercut  units .  10 

daxiaua  plies.. .  47 

diniaui  plies.. . 1 


Mark  size 


Multiple  plies.. . 

1 

(lax  Ply-difference... 

100 

Units/plie  yield..... 

1 

Spreaddethod  . 

Zig/Zag 

Plies/bundle......... 

12 

(lax.  SpreadLength.... 

100.00 

darker  width. ........ 

58.00 

Pattern  area......... 

...S61N 

550.00 

End  Loss . . . 

2.50 

Fixed  Cost/Parker.... 

1.25 

Cost/Size  darker..... 

1.00 

N 

cale 


Spreading  overhead. 

.dIN/SPR 

6.00 

Spreading  cost . 

...»  /HR 

8.00 

Spread  rate........ 

. . YD/HIN 

45.00 

Turn  Tiae. . . 

.SEC/END 

6 

Roll  change  tiae... 

360 

Cutting  overhead... 

.dlN/CUT 

5.00 

CuttingTiae/Size... 

'  267 

Cutting  cost/Hour.. 

...»  /HR 

10.00 

Ccst/Bundle . 

0.10 

Stark  factor  X..... 

0.00 

Split  factor  X.... 

0.00 

fabric  cost.. . 

...»  /YD 

0.50 

1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.02  1.03  1.05  1.05  1.06  1.07  1.08  1.08 


Spreading  size  scale 


1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 

1  2  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


Common  Line  factor 


1  2  3  4  5  6  7  8  9  10 


0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

1  8  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


Material  Util  scale 

1  2  3  4  5  6  7  8  9  10 

74.0  75.1  75.2  75.2  75.3  85.3  85.4  85.4  85.5  85.5 


iput  table.........  : 


Colors 


Red 


Total 


SI  SB  S3  S4  S5  S6 


143  239  599  45  124  30 


143  239  599  45  124  30 


Units 

1200 

1200 


Marker  solution,....  :  . 

I  Marker  1  Repeat  3  Plies  131  Unitsl089 
SI  S3  S3  S5  Sizes 


13  5  1  9 


Marker  3  Repeat  8  Plies  53  Units  104 

51  S4  Sizes 

113 

Marker  3  Repeat  1  Plies  40  Units  40 

Si  Sizes 

1  1 


Marker  Sizes  Repeat  Plies  Units 
Total  3  13  6  313  1333 


lutting  Order  Report  s 


olors:  Red 
Marker  Repeat  Plies 


3 

131 

355-31.58 

3 

53 

41-6.59 

JU 

1 

40 

18-15.46 

■  Total 

6 

313 

415-17.63 

m B 

========== 

Hotel  Plies. 

"  Marker 

Repeat 

Plies  ...... TD 

3 

131 

355-31.58 

jn®  ' 

3 

53 

41-6.59 

mm 

l 

40 

18-15.46 

|  Total 

6 

313 

415-17.63 

Unit  solution 


|  Marker 
Spread 

1 

■ _  _ 

number . . 

1  eng  th  .  .  . 

Colors  . YD 

Sizes  Harked. 

• 

Plies 

:  1 
2-33 . SB 

SI  S£ 

1  £ 

S3 

5 

S5 

1 

Repeat 

Total 

9 

Ll/33 

1 

Red  138-  8.40 

47 

47  94 

835 

47 

483 

| 

Total  138-  8.40 

47 

47  94 

£35 

47 

453 

1 

34.31X 

■ 

Marker 

number . . . 

a  a  a  a 

:  1 

Repeat 

C2/33 

■spread 

length  .  .  . 

• 

a  •  •  • 

2-33.88 

Colors  ......YD 

Plies 

SI  S£ 

S3 

S5 

Total 

1 

Sizes  Harked. 

1  £ 

5 

1 

9 

Red  138-  8.40 

47 

47  ?4 

£35 

47 

483 

\ 

Total  138-  8.40 

47 

47  94 

835 

47 

4£3 

1 

34.31X 

1  Marker 

number . . . 

a  a  a  a 

:  1 

Repeat 

E  3/33 

■Spread 

length  .  .  .  . 

a 

i  a  a  a  a 

2-33,88 

1 

Colors  ......YD 

Plies 

Si  SS 

S3 

55 

Total 

Sizes  Harked. 

1  £ 

5 

1 

9 

I - 

Red  79-14.78 

87 

£7  54 

135 

87 

£43 

■ 

Total  79-14.78 

£7 

£7  54 

135 

£7 

£43 

1 

■ 

19.71* 

I 

Marker 

number . . 

a  a  a  a 

:  2 

Repeat 

Cl/23 

-Spread 

length . . . 

a 

0-28.51 

■ 

Colors  ......YD 

Plies 

SI  S4 

Total 

i . 

Total  37-  9.03 

47 

47 

47 

94 

1 

7.6SX 

■  Marker 

number .  .  . 

■  •  ■  ■ 

:  S 

"Spread 

length  .  .  .  . 

m 

a  a  a  « 

0-S8 

.51 

1 

Colors  . .YD 

Plies 

SI 

S4 

Total 

Sizes  Harked.. 

1 

1 

8 

1 

Red  3-34.56 

5 

5 

5 

10 

■ 

Total  3-34.56 

.  5 

5 

5 

10 

■ 

0.811 

1 

Marker 

number . . . 

•  •  •  • 

s  3 

>S  p  r  e  a  d 

length. . . . 

■ 

•  •  •  • 

0-16 

.59 

■ 

Colors  « * » • « »\D 

Flies 

S6 

Total 

| 

Sizes  Harked.. 

*  i  i  •  •  » 

1 

1 

M . . 

Red  18-15.46 

40 

40 

40 

1 

Total  18-15.46 

40 

40 

40 

3.841 


MaterialConsumption 


Colors 

Length 

Rest 

Red 

406-  0.88 

I 

I 

I 

I 


Repeat  C  S/E  3 


Repeat  1 1  /  1  3 


I 

I 

^  Marker  cost  suiia^y.  s 


■Marker  nuaber..... 

1 

Nuaber  of  stacks. 

3 

Marker  Origin... 

New 

|  Est  Eff . 

85.49 

Marker  width.... 

. IN 

58.00 

vn 

8-31.38 

SI  SE  S3 

55 

Sizes 

8  125 

1 

9 

Marking  cost..... 

10.97 

Total  Plies.. .... 

1E1 

Snrpjrf  1 pnnth . . 

vn 

o-ss  on 

Spreading  cost... 

4, £7 

t  bundles. . ..... 

91 

Fahrir  ucprf _ 

_  vn  nss-w 

|  Cutting  cost/Hour. 

18.87 

Units/plie  yield. 

1 

Spreading  tiae. 

0.53 

V  Bundling  cost.... 

9.10 

PI ies/bundle. . . . 

18 

Piittinn  Hap _ 

!  P9 

Fabric  cost . 

177.94 

Fabric  cost...... 

. $  /YD 

0.50 

total  tiie . 

1.88 

M - 

1  total  cost . 

. * 

total  units...... 

Avn  Pnst/nni  t. . 

MVWVM 

i 

Marker  nuaber . 

2 

Nuib°r  of  stacks.. 

2 

Marker  Arinin... 

New 

■  Est  Eff . 

75.10 

Marker  width. 

. . IN 

5B.00 

Marker  lennth.. 

. YD 

0-86.01 

1  51  84 

Sizes 

■ 

E 

p  Marking  cost . 

IMMIItf 

3.E5 

Total  Plies . 

58 

Spread  length.. 

0-85.51 

Spreading  cost.... 

MMMM* 

E.4E 

t  bundles........ 

9 

Fabric  used.... 

41-7 

—  Cutting  cost/Hour. 

IIMIMI* 

3.19 

Units/plie  yield. 

1 

Spreading  tiae. 

0.30 

1  Bundling  cost . 

0.90 

Plies/bundle . 

18 

Cutting  tiie... 

0.38 

®  Fabric  cost....... 

•  1  1  •  •  *  1  1  $ 

E0.59 

Fabric  cost . 

0.50 

total  tiie . 

0.68 

■  total  cost . 

total  units...... 

Avo  flnst/unit. . 

hhhm 

1  MUM 

mmmm 

^  Marker  nuaber . 

3 

Nuiber  of  stacks.. 

1 

Marker  Origin... 

New 

Est  Eff . 

74.05 

Marker  width . 

58.00 

Marker  length.. 

0-14.09 

»  S6  Sizes 

■  . 

1  1 

■  Marking  cost...... 

2.25 

Total  Plies . 

40 

Spread  length.. 

0-16.59 

™  CInreadinfl  rost..a. 

...... ..i 

8.19 

1  bundles . . 

4 

Fabric  used. . . . 

. YD 

18-15 

Cutting  cost/Hour. 

1.E4 

Units/plie  yield. 

1 

Spreading  tiie. 

0.87 

_  Bundling  cost..... 

0.40 

Plies/bundle . 

18 

Cutting  tiie... 

0.18 

Ill  Fabric  cost....... 

. $ 

9. El 

Fabric  cost...... 

. ,|  /YD 

0.50 

total  tiie . 

0.40 

total  cost........ 

1  — 

15.89 

total  units . 

40 

Avg  Cost/unit. . 

0.38 

^ Total  cost  sueeary. 

Iotal  Markers . . 

srking  cost......... 

Spreading  cost....... 

Butting  cost/Hour.... 

Bundling  cost... . 

Fabric  cost.......... 


Darker  width. . . .  5B.00 

6  Sizes  Harked . . .  18 

104  Total  Plies .  213 

1  Spreading  tiae. . Hours  1.11 

$  /YD  0.50  Cutting  tiae . Hours  1.73 

YD  415.49  total  tiae . ........Hours  2.64 


Avg  Cost/unit 


$ 


graphics  Output. 


I.  s  2  0 

Marker  number . 

Spreadllethod  .2ig/2ag 


H 


Colors  Plies  SpreiHP^' 


Repeat  C1/S5,  <* 


2-31 .38 


X  2-31.38 


Plies  StartPoint: 


EndPoint sSpre 


5 

22 

13 

7 


0-  0.00 
0-  0.00 
0-  0.00 
0-  0.00 


10-17.50 
9-27.49 
6-32 . 1 1 
6-18.02 


Paraseters:  high 
Problea  paraeeters..  :  =  =  = 


Nuaber  of  sizes. . . 

*  •  i  6 

Multiple  plies....... 

1 

Spreading  overhead., 

i.HIN/SPR 

6.00 

Nusber  of  colors........ 

...  i 

Max  Ply-difference... 

100 

Spreading  cost . . 

...I  /HR 

25.00 

flax  sizes  /  Barker...... 

10 

Units/plie  yield . 

1 

Spread  rate . 

..YD/MIN 

45.00 

Min  sizes  /  Barker . 

...  1 

SpreadMethod  . . 

Zio/2ao 

Turn  Tifip . . . 

.SEC/END 

6 

Pari ty . 

...  Either 

PI iee/bundle . 

12 

Rol]  change  ti«F-,,. 

. SEC 

360 

Overcut  X... . . . 

...  0.00 

Max.  Spreadlength.... 

100.00 

Cutting  overhead.,.. 

.KIN/CUT 

5.00 

Undercut  X . 

...  0.00 

Marker  width . . . . . 

58.00 

CuttingTiip/Size... . 

.....SEC 

267 

Overcut  units.. . 

...  10 

Pattern  area.. . 

...SBIN 

550,00 

Cutting  cost/Hour... 

...»  /HR 

30.00 

IJfitiprcut  units . . . . . 

...  10 

End  Lnes . . . . 

. IN 

2.50 

Cost/Runrilp . 

. t 

0.10 

Maxiaue  plies . . 

...  108 

Fixed  Cost/Marker,... 

1.25 

Stack  factor  X . 

0.00 

Ninieua  plies . . . 

...  1 

Cost/Size  Marker . 

1.00 

Split  factor  X . 

0.00 

Fabric  cost . 

...»  /YD 

10.00 

Mark  size  scale 


1  e  3  4  5  6  7  8  9  10 


1.00  1.00  1.02  1.03  1.05  1.05  1.06  1.07  1.08  1.08 

Spreading  size  scale 

1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 

1  2  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


.Marker  solution 


1  Marker  1  Repeat  1  Plies  101 
Sltled  iularge38X4S  Sizes 

m 

UnitslOlO 

|  1  2  6  1  10 

I  Marker  2  Repeat  1 
’  SlMediuxlarg38X4240X40 

Plies  23 
Sizes 

Units  207 

1  3  2  2  1  1 

9 

^  darker  Sizes 

Reoeat 

Plies  Units 

Total  2  19 

2 

124  1217 

Cutting  Order  Report  i  55= 

Colors:  Red 

darker  Repeat  Plies  . YD 

1  1  101 

2  1  23 

329-6.91 

67-23.35 

Total  2  124 

396-35.27 

Total  Plies......... 

darker 

Repeat 

Plies 

. YD 

1 

1 

101 

329-6.91 

2 

1 

23 

67-28.36 

Total 

2 

124 

396-35.27 

Colors 


SlHediul3rgexlarg38X4240X40 


Units 


Red  7  9  7  1  0  -7  17 


Total  79710-7  17 


Units  produced 

Colors  SlHediulargexlarg38X42<i0X<(0  Units 


Red 

170 

248 

606 

46 

184 

83 

1817 

Total 

170 

848 

606 

46 

184 

23 

1817 

Unit  solution. 


Marker 

Spread 

number  .  .  . 
length  .  .  .  . 

. . . : 3-9 . 

34 

Repeat 

1 

Colors  . VD 

Sires  Harked. 

Plies  Si  Hediu  large  38X42 

Total 

10 

1  — . — 

Fed  389-  6.91 

101  101 

808 

606 

101 

1010 

1 

Total  389-  6.91 

101  101 

808 

606 

101 

1010 

| 

88.991 

1  Mar  kpr 

numb er  .  .  . 

.  .  .  .  :  2 

Repeat 

[Spread 

length.... 

. . . : 2-34 

.  10 

Colors  ...... VD 

Sizes  Harked. 

Plies  SI  Hediu  xlarg  38148  40140  Total 

.  3  8  8  1  1  9 

Red  67-28.36 

83  69 

46 

46 

83 

83  80? 

Total  67-28.36 

83  69 

46 

46 

83 

23  807 

I 


17.01* 


Z 1/1  D 


z  1/1 : 


aterialConsumption 


Harter  cost  suisary.  : 


Marker  nuiber . . 

Esi  Eff . 

SI  Mediu  large  38X42 


1 

85.55 

Sizes 


Nuiber  of  stacks. 
Marker  width. . . . 


Marker  Origin.. 
Marker  lenoth. 


..  New 
.YD  3-  6.84 


|  1  2  6  1  10 

Marking  cost . . ..f  12.05 

Spreading  cost...... . i  12.26 

Cutting  cost/Hour . $  14.02 

Bundling  cost . *  8.50 

Fabric  cost . $  3291.92 

total  cost....; . $  3338.75 


Total  Plies . 

I  bundles........ 

Units/plie  yield. 
Plies/bundle..... 

Fabric  cost . 


Spread  length.. 
Fabric  used.... 
Spreading  tine. 
Cutting  ties... 
total  tiee . 


....YD  3-9.34 

....YD  329-7 
.Hours  0.49 

.Hours  0.47 

.Hours  0.96 


total  units. 


fivg  Cost/unit. 


ytarker  nuiber. . . . . 

I  Est  Ef f . . . .................. 

■  SI  Mediu  xlarg  38X42  40X40 

1  3  2  2  1  1 

Marking  cost.,. . 

Spreading  cost. 

I  Cutting  cost/Hour., . » 

Bundling  cost . ..t 

Faoric  coat ...............  $ 


2 

85.49 

Sizes 


Nuiber  of  stacks. 
Marker  width. .. . 


Marker  Origin.. 
Marker  length, 


, .  Net* 

.YD  2-31.60 


9 

10.97 

6.59 

12.89 

1.80 

677.88 


Total  Plies . 

I  bundles . 

Units/plie  yield. 

Plies/bundle . 

Fabric  cost...... 


Spread  length.. 
Fabric  used.... 
Spreading  tiee. 
Cutting  tiee... 
total  tiee . 


.YD  2-34.10 
.YD  67-28 
urs  0.26 

urs  0.43 

jrs  0.69 


tal  cost . ...$  4048.88 


total  units. 


flvg  Cost/unit. 


Graphics  Output 


I  Marker  number . :  1  ()  Repeat  C1/1D,  1 

Spreadftethod  . . Zig/Zag 

Colors  Flies  Spread  length. . 


Fed)  101  j  329-  6.9YD 
Total  101 


( - 3-9.34  - > 


Sires 


.Sire;  darted . 


S!Nediularge38X42  Total  . 
1  2  6  1  10 


Karl-er  Solution  II,.  ; 


|  darker 

■ _ 

Sizes 

SI  dediu  large  xlarg  38142  40X40 

Sizes/farker 

Repeat 

Plies 

Units 

1  1  1  2  6  -  1 

10 

1 

I  3  £  -  2  1  1 

? 

1 

23 

6j|S 

■  ■ 

■  ■ 

2 

1? 

2 

124 

1217 

Optic: zed  Spreading  ; 


Colons  Flies  StartPoint:  EndPointsSpread  length 


Red 

Red 


23 

78 


0-  0.00 
0-  0.00 


6-  3.6? 
3-  8.0? 


141-  5.58 
254-  8.1? 


Parareters:  BDESH1 


I 

I 

I 


oblea  parameters..  : 


number  of  sizes, . 

t»i  6 

Multiple  plies.. . 

MMIM 

1 

Spreading  overhead.. 

,  .M1R/SPK 

6.00 

Number  of  colors.. . 

...  i 

flax  Ply-difference... 

100 

Spreading  cost...... 

...$  /HR 

8.00 

■ax  sizes  /  marker . 

...  10 

Units/plie  yield . 

»»•*••• 

1 

Spread  rate.... . 

...YD/JIIN 

45.00 

■in  sizes  /  marker . 

...  1 

SpreadKethod  ........ 

•  IMIM 

Zig/Zag 

Turn  Time... . . 

.SEC/END 

6 

Parity, . . 

...  Either 

Plies/bundle . 

*  »  1  •  «  ♦  ♦ 

18 

Roll  change  time.... 

360 

■verc ut  X . 

>  •  i  Oi  00 

Max.  SpreadLength. . . . 

. YD 

100.00 

Cutting  overhead..,, 

.KIN/CUT 

5.00 

■inHcrrut  X ............. . 

...  0.00 

Marker  width. ........ 

.....  IN 

58.00 

CuttingTise/Size.,., 

. SEC 

867 

Overcut  units. . 

...  10 

Pattern  area.... . 

...SQ1K 

550.00 

Cutting  cost/Hour... 

...»  /HR 

30.00 

Undercut  units.......... 

...  10 

End  Loss . 

. IK 

8.50 

Cost/Bundle,. . 

0.10 

■j.'iriifi  n! is;. ......... . 

...  108 

Fixed  Cost/Marker. . . . 

(  f 

1.85 

Stack  factor  X . 

0.00 

^iiniouc  plies . 

...  1 

Cost/Size  Marker . 

Mint 

1.00 

Split  factor  X . 

O.OC 

Fabric  cost . 

...$  /YD 

0.50 

Mark  size  scale 


1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1,08  1.03  1.05  1.05  1.06  1.07  1.08  1.08 

Spreading  size  scale 

1  8  3  4  5  6  7  8  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 


Cutting  time  scale 


1  8  3  4  5  6 


1.00  1.08  1.04  1.06  1.08  1.10 


robier  peraseters..  :  - -  -  - . . 

Common  Line  factor 


1  2  3  4  5  6  7  8  9  10 


0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

15  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 

Material  Util  scale 


( 


1  2  3  4  5  6  7  B  9  10 


74.0  75.1  75.2  75.2  75.3  85.3  85.4  85.4  35.5  85.5 


Colors  SI  Sc  S3  S4  35  S6  Units 

Red  200  200  200  200  200  200  1200 

Total  200  200  200  200  200  200  1200 


Hauler  solution.....  :  .  -  .  •  - 

I  Marker  1  Repeat  2  Plies  210  Unitsl260 
1  31  S2  S3  S4  S3  S6  Sizes 

I  1  1  1  1  1  1  6 


Marker  Sizes  Repeat  Plies  Units 
Total  1  6  2  210  1260 


I 

I 

I 


(f&lors 

:  Red 

^Marker 

Repeat 

Plies  . YD 

Bran 

810 

483-8.00 

m 

8 

810 

483-8.00 

Ital  Plies. 

■  Harter 

Repeat 

Flies  . YD 

rm 

8 

810 

483-8.00 

Total 

■ 

8 

810 

483-8.00 

T.uthna  Hrrfpr  Pennpt 

1 

Marker 

1 

Total 

m  Colors 

Repeat 

[  81 

[  81 

I 

810 

810 

H 

Total 

810 

I 


Deviation  report,...  : 


I::::::::::::::::::::: 

Color 5 

31 

38 

S3 

S4 

S5 

36 

|  Red 

10 

10 

10 

10 

10 

10 

60 

P  Total 

10 

10 

10 

10 

10 

10 

60 

I 


nits  produced 


Colo's  31  £8  S3  S4  S5  S6 

Red  810  810  810  810  810  810  I860 


Total  810  810  810  810  810  810 


'nit  solution.......  : 


gMarker  number . :  1  Repeat  Cl/83 

Spread  length . sS-0.58 


Colors  . YD 

Plies 

SI 

S2 

53 

S4 

S5 

56 

Total 

Sizes  Harked. 

1 

1 

1 

1 

1 

1 

6 

Red  217-20.57 

108 

108 

108 

108 

108 

108 

10B 

648 

Total  217-20.57 

108 

108 

108 

108 

108 

108 

108 

648 

51.431 


Marker  number.......:  1  Repeat  CS/8D 

bread  length . ..:S-0.53 


Colors  ...... YD  Plies  SI  S3  S3  S4  S5  S6  Total 

Sizes  Harked .  111111  6 


Red  205-17.43  102  102  102  102  102  102  102  612 


Total  205-17.43  102  102  102  102  102  102  102  612 


I  48.57X 

Ua  ter ialConsumption 
®  Colors  Length  Rest 


Red  413-26.00 


1 

( 


arker  cost  suseary. 


rker  nuaber.... 

st  Eff . 

SI  S2  S3 


rr; 

Harking  cost..... 
Spreading  cost... 
Butting  cost/Hour 
"undling  cost.... 
Fabric  cost . 


1 

85.32 


Nuaber  of  stacks............ 

Marker  aidth. ............ .IN 


S4  S5  Si 


Sizes 


1111 


6 


7.55 

5.65 

19.02 

lO.iO 

211.53 


Total  Plies . 

t  bundles........ 

Units/plie  yield. 
Plies/bundle..... 


Fabric  cost............!  /YD 


2  Marker  Origin..... . .  Nett 

58.00  Marker  length . . . YD  1*34.02 


210  Spread  length . YD  2-  0.52 

lOi  Fabric  used., . YD  423-2 

1  Spreading  tiae. . . . . Hours  0.71 

12  Cutting  tiae . ...Hours  0.&3 

0.50  total  tiae . . .Hours  1.34 


ota!  cost . ......I  254.35  total  units. . .  1260 


Avg  Cost/unit. 


.» 


0.20 


otal  cost  suaaa-y. 


fatal  Harkers . . . .  1 

flrking  cost. ....... ......t  7.55 

"reading  cost.... . ..*  5.65 

ttsr.g  cost/Hour . ....<  19.02 

ndling  cost........ . 1  10.60 

brie  cost . l  211.53 


AVG  eff. . 

85.32 

Nueber  of  stacks.... 

2 

t  bundles........... 

106 

Units/plie  yield.... 

1 

Fabric  cost . 

..$  /YD 

0,59 

Fabric  used . 

423.06 

Marker  width . . 

58.00 

Sizes  Harked....... 

6 

Total  Plies . 

210 

Spreading  tir-e. . . . , 

....Hours 

0.71 

Cutting  tiae.,..,. 

0.63 

total  tiae . . 

....Hours 

1.34 

r;sr  Solution  11..  s 


lUrker 


Si:«s 


Sizes/Marfcer 


Repeat 


-34.02 


EndPointiSpread  length 


3-33.30 

1-35.27 


403-31.86 
12-  3.14 


Spreading  overhead,, 

..HIN/SPR 

6.00 

Spreading  cost . 

...$  /HR 

8.00 

Spread  rate . 

..YD/KIN 

45.00 

Turn  Tiee . 

.SEC/END 

6 

Roll  change  tine. . . . 

360 

Cutting  overhead.... 

.HIN/CUT 

5.00 

CuttingTiae/Size..., 

£67 

Cutting  cost/Hour... 

...1  /HR 

30.00 

Cost/Bundle . 

0.10 

Stack  facto1*  X . 

0.00 

Split  factor  X..,.. 

0.00 

Fabric  cost . 

/YD 

10.00 

Problep  parameters. .  i 


Common  Line  factor 

1  £  3  4  5  t  7  8  ?  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

i 

1.00 

Material  Util  scale 

1  2  3  4  5  6  7  8  9  10 

74.0  75.1  75.2  75.2  75.3  85.3  85.4  85.4  85.5  85.5 


I 


n?ut  tatfle. 


Colors  SI  Units 
Red  48  48 


Total  48 


48 


barker  solution.....  i 


Harter  1  Repeat  1  Plies  9  Units  54 
SI  Sizes 


Marker  Sizes  Repeat  Plies  Units 


Total 


6 


9 


54 


14-32.30 


II. ing  cost..,.,., . 

esaing  cost............ 

tmg  ccst/Hour . 

Bundling  cost..... . 

Uric  cost . 


7.55  Total  Flies . 

1.77  I  bundles........ 

9.18  Units/plie  yield. 

0.50  Plies/bundle,,... 

178.97  Fabric  cost . 


.1  /YD 


9  Spread  length . ....YD  1-33.19 

5  Fabric  used . .......YD  17-11 

1  Spreading  tue . Hours  0.33 

13  Cutting  tioe..... . Hours  0.31 

10.00  total  tine. . Hours  0.53 


total  cost. 


I 


.$ 


191.97 


total  units. 


54 


ftvg  Cost/unit. 


.1 


3.55 


pal  cost  sureary. 

T^i  Markers. ...... 

Inna  cost....... 

*  *  1 

1 

7.55 

flUfi  off. . 

85.33 

1 

Marker  width.... 

58.00 

•  mu* 

Nucber  of  stacks.... 

Sizes  Harked.... 

6 

Shading  cost . 

mm’ 

1.77 

4  bundles . . 

5 

Total  Plies..... 

•  •  t  «  •  •  i  i  i  i  « 

9 

Cutting  cost/Hour.. 

mm* 

9.18 

Units ‘plie  yield.., 

1 

Spreading  tiee. . 

......Hours 

0.33 

Alin;  cost . 

F®-ic  cost . 

0.50 

Fabric  cost,. . 

....1  /YD 

10.00 

Cutting  tine..,. 

. Hours 

0.31 

imim* 

173.97 

Fabric  used........ 

17.30 

total  tine . 

0.53 

tttel  cost . 

191.97 

total  units . 

54 

fivg  Cost/unit... 

3.55 

I 

I 


I 

I 

I  _ 

Starker  number.......:  1  ()  Repeat  C  1  /  1  3  ,  1 

SoreadHethod  . Zig/Zag 


Sizes  SI  Total 
lies  Harped . .  k  6 


Total  Units  54  54 

I 

^arl.er  Solution  11..  :  .  . . 

|  Harter  [Sizes  j  Sizes/Ha'ter]  Repeat]  Flies]  Units] 


ptiaized  Spreading  : 

9  Red 


<  1-30.6?  > 


Colors  Plies  StartPoint:  EndPointiSpread  length 


Red 


9 


0-  0.00 


1-31.94 


17-10.70 


I 

I 

Parameters:  ABFHIK 
jjproblem  parameters .  .  :  ======—=—=;: 


Jfuaber  of  sizes . . 

...  i 

Mill tinlp  nl ipc _ 

1 

100 

i 

Zig/Zag 

Spreading  overhead. 
Spreading  cost..... 
Spread  rate........ 

..NIN/SFR 
...9  /HR 

Blusher  of  colors . 

*ax  sizes  <  career . 

...  l 

...  10 

flax  Ply-difference... 

Unik/nl  ip  uiplrf.  . 

6.00 

25.00 

Min  size?  /  earlier. . . , , . 

...  i 

i.YD/HIN 

45.00 

B'aritv.... . 

Turn  Tite.... . 

.SEC/EK’D 

6 

Bvercut  )i . 

...  0.00 

rues/ounoie, 

flay.  ^nroaHI  onnfh 

vn 

12 

Roll  change  tiae... 
Cutting  overhead.... 
CuttingTiie/Size... 
Cutting  cost/Hour... 
Cost/Bundle... . 

360 

Undercut  % . 

...  0.00 

Martpr  wiHfh 

TU 

100.00 

58.00 

550.00 

2.50 

1.25 

1.00 

.HIN/CUT 

5.00 

rfvercut  units . 

...  10 

Pattern  proa. 

cnui 

. SEC 

267 

Br.dercut  units.,.. . 

naxkuc  plies. . 

...  10 

...  47 

End  Loss . 

i  i  *  Sirin 

...»  /HR 

10.00 

0.10 

r . 

1 

riAcu  LOa  v  / ‘laiF-cr  •  1 1 1 

Cost/Size  Marker.... , 

Stack  factor  X . 

Split  factor  X . 

Fabric  cost . 

...»  /YD 

0.00 

0.00 

10.00 

I 

1  2  3  4  5  6  ?  8  9  10 

I  1.00  1.00  1,02  1.03  1.05  1.05  1.06  1.07  1.08  1.08 


■  Spreading  size  scale 

■  123456789  10 
1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

•  Cutting  time  scale 

I 

_  1.00 


Probler-  parameters. .  .• 


Common  Line  factor 

123456789  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

1 

1.00 

Material  Util  scale 

123456789  10 

74.0  75.1  75.2  75.2  75.3  £5.3  35.4  85.4  85.5  85.5 


put  table. 


Harter  solution....,  :  ■. . = . =  — 

Harter  1  Repeat  5  Plies  201  Unitsl206 
SI  Sizes 

6  6 


Harter  Sizes  Repeat  Plies  Units 
Total  1  6  5  201  1206 


jUnit  solution, .  ;  — . —  — . = . . .  = -  . . . — 

Marker  number . :  1  Repeat  Cl/53 

^pread  1  eng  th . :  1  -33 . 1 9 

I  Colors  . YD  Plies  SI  Total 

I  Sizes  Harked . .  4  6 

.  Red  90*11.90  47  282  282 

'  Total  90*11.90  47  282  282 

|  23.38K 

■Marker  number.......:  1  Repeat  C2/51 

spread  length . :  1-33. 19 

Colors  YD  Plies  SI  Total 

Sizes  Harked........  6  4 

Red  90-11.90  47  232  282 

Total  90-11.90  47  282  28c 

23.38X 

Marker  number.......:  1  Repeat  C3/5D 

pread  length .......: 1-33 . 19 

Colors  YD  Plies  SI  Total 

Size;  Harked..,,..,.  6  4 

Red  90-11.90  47  282  282 

Total  90-11.90  47  282  282 

23.38X 


Marker  number.. . i  1  Repeat 

pread  length  ........  s  1-33. 19 


Colors 

Plies 

Si 

Total 

Sizes  Harked.. 

6 

6 

Red 

90-11.90 

47 

282 

282 

Total 

90-11.90 

47 

282 

282 

23.3BX 


■  Marker  number . 1  Repeat 

Spread  length . :1-33.19 

^  Colors  .,,,.,YD  Flies  SI  Total 

-  Sizes  Harked... .  &  6 


Red  24-35.46  13  78  78 


Total  24-35.46  13  78  78 


6.47X 


aterialCon sumption 

Colors  Length  Rest 


Red  377-13.46 


C4/53 


C  5/5  D 


I  Marker  cost  smeary.  : 


Marker  nuiber .  1 

Est  Eff .  85.32 

SI  Sizes 


■  6  6 

"Marking  cost . . . I  7.55 

Spreading  cost . ...I  16.95 

I  Cutting  cost/Hour . ,$  15.2? 

Bundling  cost . $  10.10 

Fabric  cost.... . ..$  3863.07 


total  cost . *  3912.97 


Nueber  of  stacks 
Marker  width... 


Total  Plies . 

t  bundles . . 

Units/plie  yield 
Plies/bundle.... 
Fabric  cost..... 


total  units 


.  5 

IN  58.00 


.  201 

.  101 

.  1 

12 

» /yd  io.oo 


1206 


I 

—Total  cost  sunca-'y.. 


tal  Markers .  1  AVE  eff . 

Marking  cost. ........ .....I  7.55  Nunber  of  stacks 

treading  cost............!  16.95  t  bundles....... 

tting  cost/Hcur . $  15.29  Units/plie  yield 

Bundling  cost . . . »  10.10  Fabric  cost . 

■fbric  cost . t  3663.07  Fabric  used . 


tal  cost . *  3912.97  total  units 


85.32 
. » . . .  5 

101 

.  1 

*  /YD  10.00 

...YD  386.31 


1206 


Marker  Origin.......... .  Nek- 

Marker  length . YD  1-30.6? 


Spread  length...... 

1-33.19 

Fabric  used . 

Spreading  tiee . 

.....Hours 

.0.68 

Cutting  tiie...... 

2.53 

total  tiie . 

. Hours 

2.21 

Avg  Cost/unit...... 

3.24 

Marker  width...... 

58.00 

Sizes  Marked....... 

6 

Total  Plies . 

201 

Spreading  tiee..... 

. Hours 

0.68 

Cutting  tiee . 

1.53 

total  tiie . . 

2.21 

Avg  Cost/unit. . . . . . 

3.24 

I 


graphics  Output 


"Marker  number.......:  1  ()  Repeat  E3/53,  3 

SpreadHethod  ...... .Zig/Zag 


Colors  Plies  Spread  length 


Red)  47  | 

90-11. 9YD 

□ 

Total  47 

1-33.19 

— > 

Sizes  Si  Total 
iizos  Harked........  6  6 


Total  Units  £82  282 


aphics  Output. 


Marker  number 
eadHethod . Zig/Zag 


1  O 


Repeat  C4/53,  4 


Colors  Plies  Spreac  length. 


Redj  47 


90- 11. 9 YD 


Total  4? 


1-33.19 


Sizes  SI  Total 
zes  Harked........  6  4 


Total  Units  282  282 


Graphics  Output 


Marker  number . .  l  ()  Repeat  C5/5D.  5 

ipreadflethod  . 2ig/Zag 


Sires  SI  Total 
ires  Marked . .  6  6 


Total  Units  76  78 


fla'iO'  Solution  11..  •  s-u.  _  .  .  :  ' 

I 

_  Marier  Sires  |  Sizes/Marl:er|  Repeat]  Plies]  Units] 
®  SI  I 


13 


Red 


<  1-30.6? 


X  1-30.69 

X  1-30.69 

X  1-30.69 

x  ; 

Colors 

Flies 

StartPoint: 

EndPointiSpread  length....... 

Red 

13 

0-  0.00 

9-10.70 

121-11.31 

Red 

39 

0-  0.00 

7-16.01 

259-10.75 

I 

-30.6?  > 


Paraseters:  CEFHIJ 


Proble*  paraieters..  : 


liu#bsr  of  sizes.... 
Nuciber  of  colors... 

(ax  sizes  /  earker, 
in  sizes  /  tarker, 

arity . . . 

JSve-cut  X,,,, . 

■Undercut  X... . 

Ilvercut  units . 

Undercut  units . 

I’axieyp  plies...... 

Iflinisue  plies...... 


1 

1 

10 

1 

Either 

0.00 

0.00 

10 

10 

47 

1 


Multiple  plies.... 

Max  Ply-difference 
Units/plie  yield.. 
SpreadHethod  ..... 

Plies/bundle...... 

Max.  SpreadLength, 

Marker  width . 

Pattern  area...... 

End  Loss . 

Fixed  Cost/Harker. 
Cost/Size  Marker,, 


. . . » .  1 

....  100 

, , . . .  1 

i , . . .  Zig/Zag 

.  IE 

..YD  100.00 

...IN  58.00 

SQ1N  550.00 

...III  E.50 

..I  1.25 

...»  1.00 


.Mark  size  scale 

1  23456789  10 

1.00  1.00  1.08  1.03  1.05  1.05  1.06  1.07  1.08  1.08 

Spreading  size  scale 

1  8  3  4  5  6  7  8  9  10 

1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 

1 

1.00 


Spreading  overhead. 

,  .MIN/SPR 

6.00 

Spreading  cost..... 

...»  /HR 

85.00 

Spread  rate . 

. . . YD/MIN 

45.00 

Turn  Tine . . 

. SEC/END 

6 

Roll  change  tue... 

i . . . . .SEC 

360 

Cutting  overhead... 

.HIN/CJT 

5.00 

CuttingTise/Size... 

867 

Cutting  cost/Hour.. 

...»  /HR 

30.00 

Cost/Bundle . 

0.10 

Stack  factor  X . 

0.00 

Split  factor  X.... 

0.00 

Fabric  cost........ 

...»  /YD 

0.50 

B72 


roblen  parameters..  :  =====  a-  - . .  ===== 

Common  Line  factor 

1  2  3  4  5  6  7  8  9  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

1 

1.00 

Material  Util  scale 

123456789  10 

74.0  75.1  75.2  75.2  75.3  85.?  85.4  85.4  85.5  85.5 

nput  table .  «  . . . . — 

Colors  SI  Units 

Red  48  48 

I  Total  48  48 

\  ¥ 

|larle’  solution.....  :  ■ 

Marker  1  Repeat  1  Plies  29  Units  58 
i  SI  Sizes 

'  2  2 

I 

j  Marker  Sizes  Repeat  Plies  Units 

F  Total  1  2  1  29  58 


Unit  solution 


•Marker  number . :  1  Repeat  Cl/13 

Spread  1  eng th 0-27 . 75 

I 

Colors  . YD  Plies  SI  Total 

■  Sizes  Harked .  2  2 

*  Red  22-12.86  29  58  58 

|  Total  22-12.86  29  58  58 


100.00X 


MaterialCon sumption 


Colors 

Length 

Rest 

Red 

21-  2.46 

I 

I 

I 

Marker  cost  suGfary.  : 


fiker  nuaber. .......... 

a  a  a  1 

1 

Kueber  of  stacks... 

1 

Marker  Origin . . 

Hew 

fst  Eff . 

75.10 

Marker  width . 

58.00 

Marker  length........ 

0-25.25 

SI  Sices 

1  2  2 

Marking  cost...... . 

3.25 

Total  Plies....... 

29 

Spread  length.. . 

0-27.75 

■preadinc  cost . 

6.42 

i  bundles . . 

5 

Fabric  used . 

....YD 

22-13 

fitting  cost/Hour . 

.  .f 

4.72 

Units/plie  yield.. 

1 

Spreading  tine . . 

.Hours 

0.26 

Bundling  cost . . 

..* 

0.50 

Plies/bundle. . . . . . 

12 

Cutting  tine . . 

.Hours 

0.16 

^hnr  cost . 

11.18 

Fabrir  cost . 

. t  /YD 

0.50 

total  ti«p . 

.Hours 

0.41 

"tal  cost . . 

...$ 

26.07 

total  units . 

58 

Avg  Cost/unit . 

0.45 

I 

gktal  cost  suisaary,,  : 

"tal  Ma'kers . 

1 

AVS  eff . 

75.10 

Marker  width . 

58.00 

Harking  c o s t • « • $ • « • » » % , » 

3.25 

Nucber  of  stacks.., 

1 

Sices  Marked . 

2 

COavtntM  mm 

6.42 

i  bundles . . 

5 

Total  Plies . 

29 

Biting  cost  'Hour . 

..s 

4.72 

Units/plie  yield... 

i 

Spreading  tiae . . 

.Hours 

0.26 

Bundling  cost . 

0.50 

Fabric  cost. . 

....»  /YD 

0.50 

Cutting  tiae . 

.Hours 

0.16 

fcbnc  cost . 

11.18 

Fabric  used. . 

22.36 

total  tiae..... . 

.Hours 

0.41 

totfii  COS 1 1  « i  i  a »  i  •  i  •  i  •  |  | 

1  1  f 

26.07 

total  units . . 

5B 

Avg  Cost/unit . . 

a  a  a  a  $ 

0.45 

29 


Red 


<  0-25.25 


Colors  Plies 


StartPoint: 


EndPoirtiSpread  length. 


Red  29 


0-26.50 


22-12.86 


Parameters:  FCEF8K 


lobiea  parameters..  : 


Jjeber  of  sizes . . 

Imber  of  colors....... . 

^ax  sizes  /  marker.......... 

Kin  sizes  /  marker..,. . 

Ia r i t y . . . Either 

vercut  X .  0.< 

Undercut  X, . . .  0. 

Jvercut  units.., . . 

Undercut  units.... . . 


“axieuc  plies, 
Kinisur.  plies. 


1  Multiple  plies..............  1 

1  Max  Ply-difference..........  100 

10  Ur.its/plie  yield............  1 

1  SpreadMethod  . . .  Zig/Zag 

Plies/bundle. ...... .........  15 

DO  Kax,  SpreadLength . ....YD  100.00 

00  Marker  width. ............ .IN  58.00 

0  Pattern  area, ......... ..SQIN  550.00 

0  End  loss . IN  2.50 


108  Fixed  Cost/Harker. 


1  Cost/Size  Marker, 1.00 


Spreading  overhead... MIN/SPR 

Spreading  cost . ...$  /HR 

Spread  rate. . .....YD/MIN 

Turn  Time . SEC/END 

Roll  change  tiae . SEC 

Cutting  overhead . KIN/CUT 

CuttingTiee/Size . .SEC 

Cutting  cost/Hour . .$  /HR 

Cost/Bundle . I 

Stack  factor  X., . 

Split  factor  X..... . 

Fabric  cost . t  /YD 


Mark  si?a  scale 


1  2  3  4  5  6  7  8  9  10 


1.00  1.00  1.02  1.03  1.05  1.05  1.06  1.07  1.08  1.08 


Spreading  size  scale 


1  2  3  4  5  6  7  8  9  10 


1,00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 


Catting  time  scale 


« 


Problse  parameters..  :  =  ; ■■  =  .  . . 

|  Common  Line  factor 

|  1  2  3  4  5  6  7  8  9  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

^  Patt  siz  arr  scale 

1 

I  1.00 


Material  Util  scale 

!  £3456789  10 

74.0  75.1  75. £  75. £  75.3  85. 3  85.4  85.4  85.5  85.5 


nput  table 


Colors 

Red 

Total 


SI  Units 
1£0(  1£00 
1£00  1800 


Marker  1  Repeat  2  Plies  200  Unitsl200 
SI  Sizes 

6  6 


Marker  Sizes  Repeat  Plies  Units 


Unit  solution 


Marker  number.......:  1  Repeat  C 1/23 

^Spread  1  eng  th  .......:  1 -33 . 1 9 

Colors  ......YD  Plies  SI  Total 

|  Sizes  Marked. .  £  £ 

Red  207-20.45  108  £48  £48 


Total  207-20.45  108  £48  £48 

54.00X 


Marker  number . ..:  1  Repeat  L2/S3 

pread  length . :1-33.19 


I  Colors  . YD 

Flies 

SI 

Total 

■  Sizes  Marked. . 

»•••*•• 

£ 

£ 

1  Red  17£-29.42 

92 

552 

552 

Total  17£-29.4£ 

92 

552 

552 

4£.00X 


aterialConsumption 

Colors  Length  Rest 


Red 


375-17.87 


I 

I 


Marker  cost  susnary. 

nBker  nuiber . 

Est  Eff . 


Sires 


6 


|fl:ing  cost . 

reading  cost..., 
tting  cost/Hour. 
Bundling  cost..... 
Jjbric  cost . 

total  cost . 


..  1 

Nusber  of  stacks...... 

Marker  Origin.. 

...  85.32 

Marker  width . . 

Marker  length, 

.* 

7.55 

Total  Flies. . . . 

200 

Spread  length., 

.$ 

16.8? 

I  bundles . . . 

101 

Fabric  used... 

.$ 

18.35 

Umts/plie  yield . . . 

1 

Spreading  tiee, 

.t 

10.10 

Flies/bundle... . 

12 

Cutting  tine.. 

.$ 

192.19 

Fabric  cost,..,.. . »  /YD 

0.50 

total  tine . 

1 

total  units . . 

1200 

flvg  Cost/unit., 

.  New 
YD  1-30.69 


...YD  1-33.19 

, ...YD  354-19 
Hou'S  0.68 

■Hours  0.61 

Hours  1.E9 


t  0.80 


Total  cost  smeary,,  .•  - 

Markers . . , 
Marl  ino  cost . . 

I  easing  cost . $ 

tine  cost/Hour . $ 

dl.n^  cost . $ 

Fabric  cost.,,., . I 


al  cost . . 


1  MS  eff .  B5.32 

7.55  Kuebsr  of  stacis... .........  2 

16.89  I  bundles .  jOj 

16.35  Umts/plie  yield...., . .  j 

10.10  Fabric  cost . .,,1  /yp  o.50 

192.1?  fabric  used . YD  jg4.39 


295.0?  total  units 


Marker  width . 

58.00 

Sizes  Marked . 

6 

Total  Plies . . 

200 

Spreading  tise . 

..Hours 

0.68 

Cutting  tise . 

..Hours 

0.61 

total  tiae.. . . 

..Hours 

1.29 

ftvg  Cost/unit..,,,.., 

0.20 

■Marker  number 
veadNechod  . Zig/Za: 


1  <  ) 


Repeat  C1/S3,  1 


I 

I 

I 


Colors  Plies 

Spread  length,,.,, 

Kedl  108  | 

l _ L 

207-20. 4YD 

Total  108 

<  1-33.19 

\ 

I  Sizes  SI  Total 

es  Marked........  6  6 


J  Tctal  Units  648  648 


■Marker  number .  1  O  Repeat  C2/23,  2 

SpreadKethod  . Zig/Zag 


Sizes  SI  Total 
*t:es  Harked . .  &  6 


'  Total  Units  552  552 

aria'  Solution  11..  :  j 


Marker  Sizes  |  Sizes/Marker]  Repeat]  Flies)  Units] 
Si 


1  |  j  &  |  2  |  200  ]  1200  j 


B8<4 


<  1-30.69 


X  1-30.69 


Colors 

Plies 

StartPointi 

EndPointiSpread  length . 

Red 

92 

0-  0.00 

3-26.63  367-  8.84 

Red 

16 

0-  0.00 

1-31.94  30-27.03 

Parameters:  LOU 


[oblea  parameters..  : 


Number  of  sizes . 

...  1 

Multiple  plies. . 

1 

Spreading  overhead. 

•HIN/SPR 

6.00 

Amber  of  colors........ 

1 

Max  Ply-difference... 

100 

Spreading  cost..,.. 

...»  /HR 

8.00 

|ax  sizes  /  marker . 

10 

Units/plie  yield . 

1 

Spread  rate........ 

..YD/KIN 

45.00 

Min  sizes  /  Barker . 

...  1 

SpreadMethod . . 

Zig/Zag 

Turn  Tice . 

.SEC/END 

6 

■Ban  tv.. . . . . 

...  Fithpr 

Plips/hundle . . . . 

18 

Roll  change  tiie... 

. SEC 

360 

|vercut  a. . 

...  0.00 

Max.  SpreadLength. . . . 

100.00 

Cutting  overhead... 

.KIN/CUT 

5.00 

undercut  H . . 

...  0.00 

Marker  width......... 

58.00 

CuttingTiie/Size... 

867 

Jvercut  units..... . 

...  0 

Pattern  area... . . 

...SGltl 

550.00 

Cutting  cost/Hour.. 

...»  /HR 

10.00 

Hfrriarriit  unit? . . . 

...  0 

Fnri  i  fiss . . . 

. IN 

8.50 

Cost/Rundle. . ...... 

0.10 

IRlif  pllfiSiMMimM 

...  47 

Fixed  Cost/harker.,.. 

1.85 

Stack  factor  i . 

0.00 

Mir, nun  plies . 

...  1 

Cost/Size  Marker..... 

1.00 

Split  factor  i.... 

0.00 

■ 

Fabric  cost . 

...»  /YD 

0.50 

Mark  size  scale 

t  8  3  4  5  6  7  8  <?  10 

1.00  1.00  1.0S  1.03  1.05  1.05  1.0c  1.07  1.0S  1.08 

Spreading  size  scale 

1  2  3  4  5  6  7  8  9  10 

1.00  1.00  1.00  1.0C  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 


Preblea  paraaeters. .  i 


Common  Line  factor 

1  2  3  4  5  6  7  8  9  10 

0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

1 

1.00 

Material  Util  scale 

1  2  3  4  5  t  7  8  9  10 

74.0  75.1  75. £  75.8  75.3  85.3  85.4  85.4  85.5  85.5 


■ 

I 

I 


C^ing  Order  Report  s  =============== 

cfPlorss  Red 

Marker  Repeat  Plies  ...... VD 


I 

2 

48 

20-14.68 

jjTotal 

2 

48 

20-14.68 

ill  Plies, 

■Karfcer 

Repeat 

Plies  . YD 

1' 

2 

48 

20-14.68 

■ 

Total 

2 

43 

20-14.68 

Cutting  Order  Report 

<  _ 

1 

“d.-fcer 

i 

Total 

■  Colors 

Repeat 

t  21 

t  21 

:::: 

II 

II 

II 

<1 

•i 

II 

•1 

r 

46 

48 

"  Total 

48 

48 

nits 


produced 


Colors 

Red 


48 


Units 

46 


Total  48 


48 


Unit  solution.......  : 


Marker  number . .  1  Repeat  C1/E3 

pread  length . :0-15.31 

Colors  . YO  Plies  SI  Total 

Sires  Ha-feed. .  1  1 

Red  19-35.39  47  47  47 


Total  19-35.38  47  47  47 

97.9EX 


Marker  number .  1  Repeat  C2/23 

pread  length . :0-15.31 

Colors  . YD  Flies  SI  Total 

Sires  Harfeed. .......  1  1 

Red  0-15.31  1  1  1 

Total  0-15.31  1  1  1 


2.08X 

aterialCon  sumption 

Colors  Length  Rest 


Red  18-  9.66 
Karler  cost  sussary.  :  — . ■ — 


I 


arfeer  nuiber . . 

|£st  Eff . 

SI  Sizes 


1 

74.05 


Nuaber  of  stacfes. 
Harter  width.... 


.IN 


1 


1 


2 

58.00 


Harfeer  Origin.... . .  New 

Marker  length . YD  0-12.81 


I 


“arlinc  cost............. 

t  * 

2.25 

Total  Plies........ 

48 

Spread  length...,. 

0-15.31 

Spreading  cost. . 

2.30 

t  bundles . . 

4 

Fabric  used . 

20-15 

Cutting  cost'Hour... . 

•  * 

2.41 

Units/plie  yield... 

1 

Spreading  tire.... 

....Hours 

0.29 

fjrdhr.c  cost......,,,., 

0.40 

Plies/bundle....... 

12 

Cutting  tite...... 

0.24 

Fabric  ccst . . . 

1 1 

10.20 

Fabric  cost........ 

...I  /YD 

0.50 

total  tire........ 

....Hours 

0.53 

total  cost . . 

.$ 

17.56 

total  units........ 

48 

flvg  Cost/unit . 

0.37 

J 


I 

I 

i 


ctal  ccst  susnary..  : 


tal  Ha'kers . 

Harking  cost . 

■reading  cost..,. 

tting  cost/Hour. 
Bundling  cost..,., 
brie  cost . . 


I 

l 


1 

2.25 

HVD  eiT . . . . 

Nusber  of  stacks.... 

2.30 

1  bundles . . . 

2.41 

Units/plie  yield.... 

0.40 

Fabric  cost........; 

...»  /YD 

10.20 

Fabric  used . 

17.56 

total  units... . 

74.05  Marker  width . 56.00 

2  Sizes  Harked . .  1 

4  Total  Plies . .  46 

1  Spreading  tise . ...Hours  0.26 

0.50  Cutting  tise . Hours  0.24 

20.41  total  tise . Hours  0.53 


ctal  cost. 


rapines  Output .  : 


J M a r k e r  number 

SpreadHsthod  . Zig/2ag 


1  (  ) 


I 

I 

I 

I 


Colors  Plies  Spread  length 


mmi 


Red}  47  | 

19-35. 4YD 

Total  47 

_ J 

0-15.31 

Sizes  SI  Total 
Sizes  Harked........  1  1 

|*  Total  Units  47  47 

Eraphics  Output .  :  ======= 


48  Avg  Cost/unit . t 


0.37 


Repeat  C 1 /23 ,  1 


I  Marker  number 
preadHethod  . ..Zig/Zag 


I 

I 

8 

I 


i  <  > 


Colors  Plies  Spread  length. 


Red  j  1  | 

0-15. 3YD 

Total  l 

— 

0-15.31  - 

zes  Haried. 


Repeat  C  2/23 ,  S 


..Baa.. 


Sizes  SI  Total 
1  1 


ion  11,. 


Optioned  Spreading 


Sizes/Marl:er|  Repeat  |  Pliesl  Units 


■ 

! 

1 

1 

8 

43  1 

48  |  48  j 


Colors  Phes  StartPo:nt:  Endpoint  [Spread  length . 

Fed  1  0-  0.00  0-86.86  0-88.11 

Rad  46  0-  0.00  0-14.06  19-80.07 
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Parameters:  AS'CGIJ 


Problem  parameters. .  : 


.Nueber  of  sires......... 

...  1 

Multiple  plies . 

1 

Spreading  overhead. 

..HIN/SPR 

4.00 

INucber  of  colors . 

•  ••  1 

Max  Ply-difference,.. 

100 

Spreading  cost . 

...$  /HP 

8.00 

■  Max  sires  /  sarker...... 

...  10 

Units/plie  yield.,.., 

1 

Spread  rate........ 

I..YD/HIN 

45.00 

Km  sires  /  Parker . 

...  1 

Spreadhethod  . 

2io/2ao 

Turn  Tmp . 

.SEC/END 

4 

iPsrity . 

...  Either 

Plies/bundle . 

18 

Roll  change  tiee... 

340 

lOvercut  X . 

•  •  •  0*00 

Max.  Spr eadLeng th . . . . 

100.00 

Cutting  overhead... 

.MIN/CUT 

5.00 

Undercut  X . . . . . 

...  0.00 

Marker  width . . 

. IN 

58.00 

CuttinoTifie/Size. . . 

. SEC 

847 

•Overcut  units . 

...  0 

Pattern  area . 

...SQIN 

550.00 

Cutting  cost/Hour.. 

...»  /HR 

10.00 

1  Undercut  unite.......... 

...  0 

End  Loss. . . 

. IN 

8.50 

Cost/Riindle . . 

0.10 

naxieur  plies . 

...  108 

Fixed  Cost/Marler.,.. 

1.85 

Stack  factor  X . 

0.00 

Hinieufi  plies. . 

...  1 

Cost/Sire  Marker..... 

1.00 

Split  factor  X.... 

0.00 

Fabric  cost . . 

...9  /YD 

10.00 

Mark  size  scale 


1  £  3  4  5  4  7  8  9  10 


1,00  1.00  1.02  1.03  1.05  1.05  1.04  1.07  1.08  1.08 

Spreading  size  scale 
1  c  3  4  5  4  7  8  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 

1 

1.00 
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I 

I 

I 

I 


Patt  siz  arr  scale 


1 

1.00 


Material  Util  scale 


1  2  3  4  5  6  7  8  9  10 


nits  produced 
Colors  SI 


Units 


Red 

1200 

1200 

Total 

1200 

1200 

Ini  t  solution 


Marker  number.......:  1  Repeat  Zl/Bl 

pread  length . ,:1-33.19 


Colors  . YD  Plies  SI  Total 


Sizes  Harked . .  6  6 

Red  207-20.45  108  648  648 

Total  207-80.45  108  648  648 


54.001 


Marker  number . :  1  Repeat  EE/23 

j>pread  length . :1-33.19 

Colors  . YD  Plies  SI  Total 

Sizes  Harked........  6  6 

Red  176*29.42  92  552  552 

f  Total  176-29.42  92  552  552 


46.001 


Mater ialConsumption 


Colors 

Length 

Rest 

Red 

375-17.87 
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Marker  cost  suneary,  : 


larker  nuiber., . 

Est  Eff . 

,  SI  Sues 


■  6  6 
Marking  cost...... 

■Spreading  cost,... 
putting  cost/Hour. 
Bundling  cost..... 

fabric  cost,, . 


7.55 

5.41 

6.12 

10.10 

3843.85 


Nusber  of  stacks..... . . 

Marker  width. . . .......IN 


Total  Plies.. . . 

t  bundles......... . . 

Units/plie  yield.. . . 

Plies/bundle.. . . 

Fabric  cost. /YD 


Marker  Origin.. 
Marker  length. 


..  New 
.YD  1-30.69 


Spread  length.. 
Fabric  used..,. 
Spreading  tine. 
Cutting  tiie... 
total  tiie..... 


....YD  1-33.19 

....YD  384-14 
.Hours  0.68 

.Hours  0.61 

•Hour?  1.89 


Total  cost. 


3673.08 


total  units. 


Avg  Cost/unit. 


Iota!  cost  smeary.,  ; 


Its!  Marke-s . 

rking  cost . . . f 

Spreading  cost.., . $ 

Iuing  cost '’Hour . $ 

ndlin:  cost . . I 

F  bn:  cost, ....... 


7.55 

5.41 

6.18 

10.10 

3843.85 


t s i  cost . , i , . , i . . , , i , « . . $  3873.08 


AVG  eff . . . 

Nurber  of  stacks....... . 

I  bundles . . . . 

Units/plie  yield.,.,.,,.,,,. 

Fabric  cost... . ,,..l  /YD 

Fabric  used . .....YD 


total  units. 


Marker  width.,, 
Sizes  Marked... 
Total  Plies..., 
Spreading  tiie. 
Cutting  tiie.,. 
total  tiie,,,,, 


Avg  Cost/unit. 
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1  < ) 


Repeat  C1/2D,  1 


[Graphics  Output .  : 


Marker  number . .  ,  t 

Ipreadftethod  ....... Zig/Zag 


1-33.19  - > 


Sizes 

51 

Total 

i:ss  Marked. 

6 

6 

Total 

Unit: 

6;s 

648 

0  aptjcs  Output .  :  - - == .  — . = . . .  . 

Marker  number . :  1  <)  Repeat  C2/23,  2 

IpreadMsthod  . Zig/2ag 


Colors 

Flies 

Spread  length . 

Ted!  92 

_ 

I  176*29, 4YD 

< 

Total 

92 

1-33.19  - > 


Sizes 

SI 

Total 

: zes  Marled. ....... 

6 

6 

Total  Units 

552 

552 

I 

I 

I 

I 
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Marker  Solution  II.,  i 


Marker  Sizes  |  Sizes/Marker]  Repeat]  Plies]  Units] 
SI 

------ . . . 

T  f  j . 6  ------  - 
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Optinized  Spreading 


<  1*30.69  X  1-30.69  > 


Cclor; 

Flies 

StartPointi 

EnoPoint iSpread  length....... 

Red 

92 

0-  0.00 

3-26.63  347-  B.84 

Red 

16 

0-  0.00 

1-31.94  30-27.03 
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Parameters:  DF5I JK 


Probier  parameters,.  : 


Nusber  cf  sizes......... 

it*  6 

Multiple  plies . 

1 

Spreading  overhead. 

..HIN/SPR 

6.00 

Wber  of  colors.. . 

i 

flax  Ply-difference. . . 

100 

Spreading  cost . 

...1  /HR 

25.00 

Hax  sizes  /  aarker...... 

...  10 

Units/plie  yield..... 

1 

Spread  rate . . 

,. .YD/M IN 

45.00 

Iflir.  sizes  /  carter...... 

1 

Spreadfiethod  . . 

Zig/Zag 

Turn  Tme . 

.SEC/END 

6 

IPsrity... . . 

•ii  Either 

Plies/bundle . 

12 

Roll  change  time... 

360 

Ove-cut  X. . . 

...  0.00 

Rax,  SpreadLength. ... 

100.00 

Cutting  overhead... 

.HIU/CUT 

5.00 

[Urdernit  X . 

...  0,00 

Marker  width . 

. IN 

58.00 

CuttingTne/Size. . . 

. S£C 

267 

pvercut  units . 

...  0 

Pattern  area.. . . 

...SGIN 

550.00 

Cutting  cost/Hour.. 

...»  /HR 

10.00 

Undercut  ur,i<s . 

...  0 

End  Loss . 

2.50 

Cost/Bundle.. . 

0.10 

.Haxieu*  plies.... . 

...  108 

Fixed  Cost/Marker,... 

1.25 

Stack  factor  X . 

0.00 

...  1 

Cost/Size  Marker . 

. $ 

1.00 

Split  factor  X,,.. 

0.00 

Fabric  cost . 

...$  /YD 

0.50 

Mark  size  scale 


1  2  3  t  5  6  7  8  9  10 


1.00  1.00  1.0S  1.03  1.05  1.05  1.04  1.07  1.08  1.08 

Spreading  size  scale 

1  2  .  4  5  6  7  8  9  10 


1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 

Cutting  time  scale 

1  2  3  4  5  6 


1.00  1.02  1.04  1.06  1.08  1.10 


I 

■  B100 


I 

I 

Problem  psrafieters. .  :  — ■ .  —  ■ — 

■  Common  Line  factor 


|  1  2  3  4  5  6  7  8  9  10 

|  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 

Patt  siz  arr  scale 

I 

1  2  3  4  5  6 

|  1.00  1.02  1 .04  1.06  1.03  1.10 

J  Material  Util  scale 

|  1  2  3  4  5  6  7  8  9  10 

74.0  75.1  75.2  75.2  75.3  E5.3  85.4  85.4  85.5  85.5 

llnput  tfbls .  ! 

|  Colors  81  82  S3  84  S5  S6  Units 

h  Red  8  8  8  8  8  8  48 

*  Total  8  8  8  8  8  8  48 

I 

Kart.er  solution .  :  ■  -  , ,  .  .  ,  - 

I  Marker  1  Repeat  1  Plies  8  Units  48 
81  SE  S3  84  85  S6  Sizes 

111111  6 


Marker  Sizes  Repeat  Plies 


Units 


la t ting  Order  Report  :  = .  . 

olorss  Red 

Marker  Repeat  Plies  . YD 


I  1 . 

Total  1 


8  16-4.19 
8  16-4.19 


tal  Plies . 

Marker  Repeat 


Plies  . YD 

8  16-4.19 
8  16-4.19 


1  1 

Total  1 


Cubing  Q-der  Report  : 


(Marker  1  Tol 
dors  Repeat  [  11  t  11 


8  8 
8  8 


De.iatior  report....  s 


*  Colors 

SI  St  S3  S4  £5  S6 

Units 

i  Red 

0  0  0  0  0  0 

0 

Total  0  0  0  0  0  0 


Inits  produced 


Colors  SI  S8  S3  S4  S5  S6  Units 
Red  8  8  8  8  8  8  48 

Total  8  8  8  8  8  8  48 


B102 


lit  solution....,.,  : 


iiarker  number . :  1 

Spread  length . :£-0.52 


Repeat  C 1 / 1 3 


Colors  . YD  Plies 


£1  S2  S3  S4  S5  Si  Total 


■ 

Sizes  Harked . . 

1 

11111 

i 

1 

r - 

Red  li-  4.19  8 

8 

8  8  8  8  8 

48 

i 

Total  li-  4.19  8 

8 

8  8  8  8  8 

48 

•  100.0QX 

ra  t er  i a  1  Co nsump  tion 
|  Colors  Length  Rest 

I  Red  15-27.39 


Marker  cost  sueaary.  .*  ===== 

■rker  nuaber . 

Est  Eff . 

|  SI  52  S3  54  S'  Si 

111111 

Jerking  cost . ,...$ 

Spreading  cost... . $ 

"uttirg  cost/Hour . ,..,S 

Bundling  cost . $ 

atric  cost . $ 


otal  cost.,.,.,,,,, . $ 


1  Nuaber  of  stacks . .  1 

85.32  Marker  width........ . IN  58.00 

Sizes 


Total  Plies . . . 

t  bundles.......... . 

Units/plie  yield. . . 

Plies/bundle..... . 

Fabric  cost . . . ,t  /YD 


total  units. 


Marker  Origin .  New 

Marker  length . YD  1-34.02 


Spread  length........ . YD  2-  0.52 

Fabric  used... . . . YD  li-4 

Spreading  tile . Hours  0.22 

Cutting  tiae...., . Hours  0.32 

total  tire.... .........Hours  0.54 


ftvg  Cost/unit. 
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Total  cost  supsary.. 


|ta!  Markers..,. 
Marking  cost . 

(reading  cost... 
ttmg  cost/Hour 
ndlirg  cost.... 
Fabric  cost...... 


1 

7.55 

5.48 

3.17 

0.50 

8.06 


AV8  eff . 85.38 

Nupber  of  stacks............  1 

f  bundles . 5 

Units/plie  yield . .  1 

Fabric  cost . /YD  0.50 

Fabric  usea.. . .YD  16.18 


Marker  width .  56.00 

Sices  Marked . 6 

Total  Flies., . . .  8 

Spreading  tire . Hours  0.88 

Cutting  tise... . Hours  0.38 

total  tine . Hours  0.54 


I 


I 
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Red 


i 

<  1-34.08 


Colors  Plies  StartPoint: 

Red 


i 

> 


EndPoint:Spread  length 


8. 


0-  0.00 


1-35.87 


16-  4.19 


Cl 


Testbed  Marker  Lengths 


Package  B  was  used  to  estimate  all  marker  lengths  for  the  development  of 
the  testbed  data  described  in  Section  4.3.  This  package  was  selected  because  it  was 
easy  to  force  the  package  to  produce  a  marker  containing  a  particular  combination 
of  sizes  and  the  associated  fabric  length  for  that  size  combination.  All  marker 
lengths  from  Package  B  were  generated  in  one  of  two  ways.  First,  the  marker  was 
requested  directly  as  an  order,  or,  if  the  solution  did  not  yield  a  single  marker,  a 
request  was  made  for  a  large  order  which  divided  into  several  markers,  one  being 
the  desired  marker.  A  set  of  fixed  parameters  were  used  so  all  markers  would  be 
under  consistent  constraints.  One  of  the  constraints  was:  Maximum  number  of 
sizes  in  a  marker  equal  to  six,  this  parameter  guaranteed  that  an  order  which  was 
divided  into  several  markers  had  no  more  than  six  sizes  in  each  marker. 

The  first  attempt  to  generate  the  marker  was  done  through  the  input  table  in 
Package  B.  The  marker  was  requested  as  if  it  were  an  order.  If  this  input  did  not 
produce  the  desired  marker,  a  larger  order  was  placed  which  would  be  divided  into 
many  markers.  Using  both  of  these  ordering  techniques,  all  lengths  which  the 
package  could  produce  were  generated. 

To  calculate  the  lengths  of  markers  that  Package  B  would  not  explicitly 
produce,  each  marker  was  calculated  by  using  either  an  averaging  heuristic  or  the 
fact  that  each  order  decrements  the  fabric  length  by  a  constant  amount.  Using  these 
two  possible  calculations  a  length  was  determined  for  each  of  the  following  orders: 

(1)  4  of  each  size 

(2)  5  of  each  size 

(3)  3  of  one  size,  2  of  another 

(4)  4  of  one  size,  1  of  another 

(5)  2  of  two  sizes,  1  of  another 

(6)  2  of  two  sizes. 

It  was  determined  that  all  markers,  if  ranked  by  increasing  length,  fell  into 
certain  numerical  groupings.  After  calculating  the  approximate  values  in  the  above 
fashion  they  were  compared  to  the  numerical  groupings.  In  most  cases  the 
calculations  fell  exactly  into  a  numerical  grouping.  Where  they  did  not  the 
difference  was  at  most  .04  inches,  in  these  cases  the  calculated  lengths  were  altered 
to  fall  in  the  closest  grouping. 

Detailed  calculations  for  each  of  the  values  follows. 

1.  Four  of  each  size 

Markers  of  four  units  in  one  size  can  be  broken  into  1-2-1. 


C2 


Original  Marker 
4/0/0/0/0/0 

New  Marker 

Length 

0/4/0/0/0/0 

1/2/1/0/0/0 

53.94 

0/0/4/0/0/0 

0/1/2/ 1/0/0 

54.95 

0/0/0/4/0/0 

0/0/ 1/2/ 1/0 

55.96 

0/0/0/0/4/0 

0/0/0/0/0/4 

0/0/0/1/2/1 

56.97 

Since  the  marker  lengths  for  four  size  30  and  four  size  40  cannot  be  broken 
up  they  must  be  estimated  using  the  knowledge  that  each  order  is  separated  by  1.01 
inches.  This  gives  the  values: 

Original  Marker  Length 

4/0/0/0/0/0  (53.94-  1.01)=  52.93 

0/0/0/0/0/4  (56.97  +  1.01)  =  57.98 


2.  Five  of  each  size 

This  marker  can  be  broken  into  1-3-1. 


Original  Marker 
5/0/0/0/0/0 

New  Marker 

Length 

0/5/0/0/0/0 

1/3/1/0/0/0 

66.76 

0/0/5/0/0/0 

0/1/3/ 1/0/0 

68.02 

0/0/0/5/0/0 

0/0/ 1/3/ 1/0 

69.28 

0/0/0/0/5/0 

0/0/0/0/0/5 

0/0/0/ 1/3/1 

70.54 

The  difference  between  each  marker  is  1.26  inches  which  results  in  the 
following  values  for  the  remaining  markers. 

Original  Marker  Length 

5/0/0/0/0/0  (66.76-  1.26)=  65.50 

0/0/0/0/0/5  (70.54  +  1.26)  =  71.80 

3.  Three  of  one  size,  two  of  another 

Because  the  three  is  on  a  end,  it  is  impossible  to  separate,  therefore,  the  two 
will  be  separated.  The  two  can  be  represented  as  1-0-1. 


Orieinal  Marker 
3/2/0/0/0/0 

New  Marker 

Length 

3/0/2/0/0/0 

3/ 1/0/ 1/0/0 

66.51 

3/0/0/2/0/0 

3/0/ 1/0/ 1/0 

67.01 

C3 


3/0/0/0/2/0 

3/0/0/0/0/2 

2/0/0/0/0/3 

3/0/0/ 1/0/1 

67.52 

0/2/0/0/0/3 

1/0/1/0/0/3 

69.78 

0/0/2/0/0/3 

0/1/0/ 1/0/3 

70.29 

0/0/0/2/0/3 

0/0/0/0/2/3 

0/0/1/0/1/3 

70.79 

The  difference  between  each  marker  is  approximately  .51  inches  which 
results  in  the  following  values  for  the  remaining  markers. 


Original  Marker 

Length 

3/2/0/0/0/0 

(66.51-.51)  = 

66.00 

3/0/0/0/0/2 

(67.52+.51)  = 

68.03 

2/0/0/0/0/3 

(69.78-.51)  = 

69.27 

0/0/0/0/2/3 

(70.79+.51)  = 

71.30 

It  is  now  possible  to  break  up  the  three  into  1-1-1. 


Original  Marker 

New  Marker 

Length 

2/3/0/0/0/0 

3/1/1/0/0/0 

66.26 

0/3/2/0/0/0 

1/1/3/0/0/0 

67.26 

0/3/0/2/0/0 

1/1/1/2/0/0 

67.77 

0/3/0/0/2/0 

l/l/i/0/2/0 

68.27 

0/3/0/0/0/2 

1/1/1/0/0/2 

68.78 

2/0/3/0/0/0 

2/1/1/1/0/0 

67.01 

0/2/3/0/0/0 

0/3/1 /1/0/0 

67.52 

0/0/3/2/0/0 

0/1/1/3/0/0 

68.52 

0/0/3/0/2/0 

0/1/1/1/2/0 

69.03 

0/0/3/0/0/2 

0/1/1/1/0/2 

69.53 

2/0/0/3/0/0 

2/0/1/1/1/0 

67.77 

0/2/0/3/0/0 

0/2/1/1/1/0 

68.27 

0/0/2/3/0/0 

0/0/3/1/1/0 

68.78 

0/0/0/3/2/0 

0/0/1/1/3/0 

69.78 

0/0/0/3/0/2 

0/0/1/1/1/2 

70.29 

2/0/0/0/3/0  ■ 

2/0/0/1/1/1 

68.52 

0/2/0/0/3/0 

0/2/0/1/1/1 

69.03 

0/0/2/0/3/0 

0/0/2/1/1/1 

69.53 

0/0/0/2/3/0 

0/0/0/3/1/1 

70.03 

0/0/0/0/3/2 

0/0/0/1/1/3 

71.04 

4.  Four  of  one  size,  one  of  another 

In  the  following  examples  we  will  break  the  four  into  1-2-1. 


C4 


Orieinal  Marker 

1/4/0/0/0/0 

0/4/1/0/0/0 

New  Marker 

Length 

0/4/0/ 1/0/0 

1/2/1/1/0/0 

67.26 

0/4/0/0/1/0 

1/2/ 1/0/ 1/0 

67.52 

0/4/0/0/0/1 

1/2/1/0/0/1 

67.77 

The  difference  between  markers  in  .25  inches. 


Original  Marker  Length 

1/4/0/0/0/0  (67.26  -  .25)  =  67.01 

0/4/1/0/0/0  {67.26  -  (3*. 25)]  =  66.51 


The  following  markers  are  impossible  to  reduce,  therefore  the  following 
strategy  will  be  employed:  moving  one  size  up  or  down  increases  or  decreases  the 
length  of  the  marker  by  .25  inches.  The  marker  0/4/1/0/0/0  which  is  66.51  inches 
long  will  be  used  as  a  base. 


Original  Marker 

Length 

4/1/0/0/0/0 

[66.51 

-  (3*. 25)]  = 

65.76 

4/0/1/0/0/0 

[66.51 

-  (2*. 25)]  = 

66.01 

4/0/0/ 1/0/0 

(66.51 

•  .25)  * 

66.26 

4/0/0/0/1/0 

66.51 

4/0/0/0/0/1 

(66.51 

+  .25)  = 

66.76 

Once  again  breaking  up  the  four: 


Original  Marker 

1/0/4/0/0/0 

0/0/4/0/1/0 

0/0/4/0/0/1 

0/1/4/0/0/0 

0/0/4/ 1/0/0 


New  Marker 
1/1/2/1/0/0 
0/1/2/1/1/0 
0/1/2/ 1/0/1 


Length 

67.52 

68.52 
68.78 


Again  the  difference  between  markers  is  0.25  inches. 

Original  Marker  Length 

0/1/4/0/0/0  (67.52  +  .25)  =  67.77 

0/0/4/ 1/0/0  (68.52  -  .25)  =  68.27 

Following  the  same  patterns,  the  remainder  of  these  markers  are  computed 
as  follows. 


Original  Marker 

New  Marker 

Length 

1/0/0/4/0/0 

1/0/ 1/2/ 1/0 

68.52 

0/1/0/4/0/0 

0/1/1/2/1/0 

68.78 

0/0/1/4/0/0 

0/0/0/4/1/0 

0/0/0/4/0/1 

0/0/1/2/1/1 

69.78 

Original  Marker 

length 

0/0/1/4/0/0 

(68.78  +  .25)  =  69.03 

0/0/0/4/1/0 

(69.78  -  .25)  =  69.53 

Original  Marker 

New  Marker 

Length 

1/0/0/0/4/0 

1/0/0/ 1/2/1 

69.53 

0/1/0/0/4/0 

0/1/0/ 1/2/1 

69.78 

0/0/1/0/4/0 

0/0/1/ 1/2/1 

70.04 

0/0/0/ 1/4/0 

0/0/0/0/4/1 

Original  Marker 

Length 

0/0/0/ 1/4/0 

(70.04  +  .25)  =  70.29 

0/0/0/0/4/1 

(70.04  +  (3*25)]  =  70.79 

Calculated  values  for  the  remaining  mr-rkers  are  based  on  the  marker 
0/0/0/0/4/1.  Each  of  these  markers  was  corrected  to  fall  in  the  correct  numerical 
group  before  the  next  marker  was  calculated.  The  calculations  are: 


Original  Marker 

1/0/0/0/0/4 

0/1/0/0/0/4 

0/0/1/0/0/4 

0/0/0/ 1/0/4 

0/0/0/0/1/4 


Calculated  length 
(70.79  -  .25)  =  70.54 
70.79 

(70.75  +  .25)  =  71.00 
(70.97  +  .25)  =  71.22 
(71.19  +  .25)  =  71.44 


Corrected  Length 

70.75 

70.97 

71.19 

71.41 


5.  Two  cf  two  sizes,  one  of  another 


To  compute  these  markers  one  of  the  "two  of  two  sizes"  was  broken  into 

1-0-1. 


Original  Marker 
2/2/i/O/O/O 

New  Marker 

Length 

2/2/0/ 1/0/0 

3/0/ 1/1  /0/0 

66.76 

2/2/0/0/1/0 

3/0/ 1/0/ 1/0 

67.01 

2/2/0/0/0/1 

3/0/1/0/0/1 

67.26 

Using  the  0.25  decrement  we  calculate: 


Original  Marker  Length 

2/2/1/0/0/0  (66.76  -  .25)  =  66.51 


The  remainder  of  two  of  two  sizes  and  one  of  another  has  been  calculated  as 
follows. 


Original  Marker 
2/1/2/0/0/0 

2/0/2/ 1/0/0 

New  Marker 

Length 

2/0/2/0/1/0 

2/1/0/1/1/0 

67.52 

2/0/2/0/0/1 

2/ 1/0/ 1/0/1 

67.77 

Original  Marker 

Length 

2/1/2/0/0/0 

[67.52  -  (3*.25)]  =  66.77 

2/0/2/ 1/0/0 

(67.52  -  .25)  =  67.27 

Original  Marker 

New  Marker 

length 

2/1/0/2/0/0 

2/0/1/2/0/0 

2/0/0/2/1/0 

2/1/1/0/1/0 

67.26 

2/0/0/2/0/1 

2/0/1/0/1/1 

68.27 

Original  Marker 

Length 

2/0/1/2/0/0 

[(68.27  -(3*  25)]  «  67.52 

2/0/0/2/1/0 

(68.27  -  .25)  =  68.02 

Original  Marker 

New  Marker 

Length 

2/1/0/0/2/0 

2/ 1/0/ 1/0/1 

67.77 

2/0/1/0/2/0 

2/0/0/ 1/2/0 
2/0/0/0/2/1 
2/1/0/0/0/2 
2/0/1/0/0/2 

2/0/0/ 1/0/2 
2/0/0/0/1/2 

2/0/1 /1/0/1 

68.02 

Original  Marker 

Length 

2/0/0/1/2/0 

(68.02  +  .z5)  =  68.27 

2/0/0/0/2/1 

[68.02  +(3*.25)]  =  68.77 

2/1/0/0/0/2 

[67.77  +  (2*.25)]  =  68.27 

2/0/1/0/0/2 

[68.02  +  (2 +.25)]  =  68.52 

2/0/0/ 1/0/2 

68.52  +  .25  =  68.77 

2/0/0/0/1/2 

[68.52  +(2*  25)]  =  69.02 

Original  Marker 

New  Marker 

Length 

1/2/2/0/0/0 

2/1/1/1/0/0 

67.01 

0/2/2/1/0/0 

1/0/3/1/0/0 

67.77 

0/2/2/0/1/0 

1/0/3/0/1/0 

68.02 

0/2/2/0/0/1 

1/0/3/0/0/1 

68.27 

1/2/0/2/0/0 

1/2/1/0/1/0 

67.52 

0/2/1/2/0/0 

1/0/3/0/1/0 

68.02 

0/2/0/2/1/0 

1/0/ 1/2/ 1/0 

68.52 

0/2/0/2/0/1 

1/0/1/2/0/1 

68.78 

1/2/0/0/2/0 

1/2/0/ 1/0/1 

68.02 

0/2/1/0/2/0 

0/2/1/1/0/1 

68.52 

0/2/0/ 1/2/0 

1/0/1/1/2/0 

68.78 

0/2/0/0/2/1 

1/0/1/0/2/1 

69.28 

1/2/0/0/0/2 

0/2/1/0/0/2 

0/2/0/ 1/0/2 

1/0/1/1/0/2 

69.28 

0/2/0/0/1/2 

1/0/ 1/0/ 1/2 

69.53 

Original  Marker 

Length 

1/2/0/0/0/2 

[69.28  -  (3*. 25)]  =  68.53 

0/2/1/0/0/2 

(69.28  -  .25)  =  69.03 

Original  Marker 

New  Marker 

Length 

1/0/2/2/0/0 

1/1/0/3/0/0 

68.02 

0/1/2/2/0/0 

0/0/2/2/1/0 

0/1/0/3/1/0 

69.03 

0/0/2/2/0/1 

0/1/0/3/0/1 

69.28 

Original  Marker 

Length 

0/1/2/2/0/0 

(68.02  +  .25)  =  68.27 

Original  Marker 

New  Marker 

Length 

1/0/2/0/2/0 

1/1/0/ 1/2/0 

68.52 

0/1/2/0/2/0 

0/1/2/ 1/0/1 

68.78 

0/0/2/1/2/0 

0/0/2/0/2/1 

Original  Marker 

Length 

0/0/2/ 1/2/0 

[68.78  +(2*.25)J  =  69.28 

0/0/2/0/2/1 

[68.78  +(4*  25)]  =  69.78 

1/0/2/0/0/2 

0/1/2/0/0/2 


1/1/0/1/0/2 


Length 

69.03 


0/0/2/ 1/0/2 


0/0/2/0/1/2 

0/1/0/1/1/2 

70.04 

Original  Marker 

Length 

0/ 1  /2/0/0/2 

(69.03  +  .25)  = 

69.28 

0/0/2/ 1/0/2 

[69.03  +  (3*.  25)]  = 

=  69.78 

Original  Marker 

New  Marker 

Length 

1/0/0/2/2/0 

1/0/1/0/3/0 

69.03 

0/1/0/2/2/0 

0/1/1/0/3/0 

69.28 

0/0/1/2/2/0 

0/0/1/3/0/1 

69.53 

0/0/0/2/2/1 

0/0/1/0/3/1 

70.29 

1/0/0/2/0/2 

1/0/ 1/0/ 1/2 

69.53 

0/1/0/2/0/2 

0/1/1/0/1/2 

69.78 

0/0/1/2/0/2 

0/0/0/2/1/2 

Original  Marker 

Length 

0/0/1/2/0/2 

(69.78  +  .25)  = 

70.03 

0/0/0/2/1/2 

[69.78  +(2*.25)]  = 

70.28 

Original  Marker 

New  Marker 

Length 

1/0/0/0/2/2 

1/0/0/ 1/0/3 

70.04 

0/1/0/0/2/2 

0/1/0/ 1/0/3 

70.29 

0/0/1/0/2/2 

0/0/1/1/0/3 

70.54 

O/U/O/l/2/2 

Original  Marker 

Length 

0/0/0/ 1/2/2 

(70.54  +  .25)  = 

70.79 

6.  Two  of  two  sizes 

This  marker  can  be  broken  as  before  with  i 

two  becoming  1-0-1. 

Original  Marker 

New  Marker 

Length 

2/2/0/0/0/0 

3/0/1 /0/0/0 

53.44 

2/0/2/0/0/0 

2/ 1/0/ 1/0/0 

53.94 

2/0/0/2/0/0 

2/0/ 1/0/ 1/0 

54.45 

2/0/0/0/2/0 

2/0/0/ 1/0/1 

54.95 

2/0/0/0/0/2 

0/2/2/0/0/0 

1/0/3/0/0/0 

54.45 

0/2/0/2/0/0 

0/2/ 1/0/ 1/0 

54.95 

0/2/0/0/2/0 

1/0/1/0/2/0 

55.46 

0/2/0/0/0/2 

1/0/1/0/0/2 

55.96 

0/0/2/2/0/0 

0/1/0/3/0/0 

55.46 

0/0/2/0/2/0 

0/1/0/ 1/2/0 

55.96 

0/0/2/0/0/2 

0/0/0/2/2/0 

0/0/0/2/0/2 

0/0/0/0/2/2 

Original  Marker 
2/0/0/0/0/2 


0/1/0/ 1/0/2 
0/0/1/0/3/0 
0/0/1/0/1/2 
0/0/0/ 1/0/3 


(54.95  +  .51)  = 


56.46 

56.46 
56.97 

57.47 

Length 

55.45 
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SIZE  38 

SIZE  40 

Length  (inches) 

L  1 ! 

1 

11 
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68.02 
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54.19 
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2 

1 

2 

1 

2 

1 

2 

1 
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Length  (inches) 


73.86 


69.28 


69.53 


69.78 


73.19 


73.64 


74.08 


55.46 


55.71 


55.71 


56.21 


56.21 


56.46 


73.86 


74.3 


72.52 


73.64 


74.75 


55.2 


55.96 


56.72 


68.52 


69.53 


70.52 


69.03 


70.04 


69.53 


67.26 


71.63 


71.19 


71.63 


72.08 


67.01 


67.26 


67.52 


71.41 


71.63 


71.86 


53.69 


70.97 


71.19 


71.41 


66.7S 


70.75 


40.61 


71.41 


G  H 


Length  (inches) 


71.86 


71.63 


71.86 


C18 


SIZE  30  I  SIZE  32  |  SIZE  34  I  SIZE  36 


E 


SIZE  38 


SIZE  40 


C19 


SIZE  30  I  SIZE  32 


C 


SIZE  34 


SIZE  36  |  SIZE  38  I  SIZE  40 


Length  (inches) 


66.76 


69.41 


69.63 


69.86 


70.08 


70.3 


65.5 


69.19 


28.51 


41.87 


42.12 


42.37 


55.46 


55.71 


68.52 


69.28 


69.28 


70.04 


72.52 


73.41 


74.3 


55.96 


69.03 


69.53 


73.41 


72.97 


73.41 


73.86 


68.78 


69.03 


69.03 


69.53 


'  69.53 


69.78 


73.19 


73.41 


73.64 


72.75 


72.97 


73.19 


73.64 


73.86 


74.08 


55.2 


55.71 


56.21 


41.62 


72.97 


73.19 


72.52 


72.75 


72.75 


73.19 


73.19 


73.41 


68.52 


68.78 


69.03 


72.97 


54.95 


55.2 


55.46 


73.64 


68.27 


68.78 


69.28 


68.02 


68.27 


68.52 


72.08 


72.52 


72.97 


72.3 


72.52 


72.75 


54.7 


71.86 


72.08 


72.3 


67.77 


71.63 


15.56 


28.76 


29.02 


29.27 


42.12 


42.37 


42.63 


42.63 


43.13 


56.21 


69.03 


69.28 


c 


SIZE  34 


SIZE  36  I  SIZE  38  I  SIZE  40 


2 

1 

1 

2 

1 

1 

1 

1 

1 

1 

Length  (inches) 


72.75 


72.52 


54.70 


72.30 


72.52 


72.52 


72.97 


72.97 


73.19 


68.27 


68.52 


68.78 


72.75 


54.70 


54.95 


55.20 


73.41 


68.02 


68.52 


69.03 


72.08 


72.52 


72.30 


71.86 


72.30 


72.75 


67.77 


68.02 


68.27 


54.45 


71.63 


71.86 


72.08 


67.52 


71.41 


41.62 


41.87 


42.12 


72.52 


72.75 


72.97 


73.41 


72.97 


SIZE  30  !  SIZE  32  I  SIZE  34 


D 


SIZE  36 


E 


SIZE  38 


SIZE  40  Length  (inches) 


E 


SIZE  38 


F  I  G 


SIZE  40  Length  {inches) 


55.20 


C29 


B 

C 

SIZE  32 

SIZE  34 

SIZE  36  |  SIZE  38  I  SIZE  40  (Length  (inches) 


74.52 


56.46 


74.30 


70.03 


74.08 


43.13 


56.97 


70.86 


74.97 


29.27 


70.04 


74.30 


56.21 


74.08 


69.78 


73.86 


56.46 


70.29 


74.52 


42.63 


73.86 


69.53 


73.64 


69.78 


74.08 


55.96 


73.41 


73.64 


69.28 


73.19 


30.03 


43.89 


57.72 


71.41 


75.64 


16.33 


43.64 


57.46 


71.30 


75.41 


29.77 


57.22 


71.04 


75.19 


43.38 


savings  Algorithm  Source  Code 


1  /* . . 

2  --  SHeader: :  D:/ccps/src/savings/case  ai.c  January  1991 

3  . . V 

4 

5  I* . 

6  -  FILE  NAME  :  case.ai.c 

7  -  PROGRAMMER  :  Terr?  A.  Smith 

8  •  DATE  WRITTEN  :  January  1991 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 
10 

11  •  PURPOSE-  To  compute  the  savings  if  ply  heights  and  sizes 

12  -  in  both  sections  are  the  same. 

13 

14 

15  -  MODIFICATION  HISTORY- 

16 

17  . V 


18  ^include  <stdio.h> 

19  Afincluda  <stdlib.h> 

20  ^include  "savedec.h" 

21  #include  "savelcl.h" 

22 

23  float  case_ai (sectl,  sect2,  cut_cost) 

24 

25  sectio^t  sectl; 

26  section_t  sect2; 

27  int  cut_cost; 

28 

29  < 

30  int  i; 

31  int  e  ■  0; 

32  float  savings; 

33 

34  for  (i*0;  i<  nun_of_sizes;  i*e)  { 

35  e  *  e  ♦  (order. perimeter (ij  *  sectl. sizes ti)); 

36  e  «  e  ♦  (order. perimeterti)  *  sect2.sizes(il); 

37  ) 

38 

39  savings  «  (float)  cut_cost  *  e; 

40 

41  return(savings); 

42 

43  > 

44 


1  /* . 

2  --  SHeader::  D:/cops/src/savings/case_aii .c  January  1991 

3  . . . V 

4 

5  /* . . 

6  -  FILE  NAME  :  jase_aii.c 

7  -  PROGRAMMER  :  Terr?  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  compute  the  savings  if  the  units  or  ply 

12  -  height  is  not  the  same  in  two  sections. 

13 

14 

15  . */ 


16  #include  <stdio.h> 

17  ^include  <stdlib.h> 

18  include  "savedec.h" 

19  ^include  "savelcl.h" 

20 

21  float  case_aii (sectl,  sect2,  unit_cost> 

22 

23  section_t  sectl; 

24  section_t  sect2; 

25  int  unit_cost; 

26 

27  { 

28  int  i; 

29  int  e  «  0; 

30  float  savings; 

31  float  sectljnch; 

32  float  sect2_inch; 

33  float  merge_inch; 

34  order_t  merged_order; 

35 

36  8ect1_inch  «  f ind_inches(sect1. sizes); 

37  ssct2_inch  *  f ind_inches(sect2.si2es); 

38 

39  for  (i*0;  i<  num_of_sizes;  i++)  ( 

40  merged_order[i)  *  0; 

41  merged_orderli]  «  merged_orderli)  +  sectl. sizesti] ; 

42  merged_orderti)  *  merged_orderti)  +  seet2.sizesti); 

43  > 

44 

45  merge_inch  =  find_inches(merged_order); 

46  " 

47  savings  =  unit_cost  *  sect1.ply_height  *  (sectljnch  ♦  sect2_inch  -  merge_inch); 

48 

49  return(savings); 

50 

51  ) 

52 


1  /* . - . 

2  -•  SHeader::  D:/cops/src/savings/compute.e  January  1991 

3  . V 

4 

5  /* . 

6  -  FILE  NAME  :  confute. c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  •  PURPOSE-  To  determine  which  method  to  use  to  compute 

12  -  the  savings. 

13 

14 

15  . V 


16  #Include  <stdio.h> 

17  Atinclude  <stdlib.h> 

18  ^include  <memory.h> 

19  ^include  "savedec.h" 

20  #Include  "savelcl.h" 

21 

22  float  compute_savings(sect1,  seet2,  cut_cost,  unit_cost,  temp_save, 

23  max_sizes,  max_ply) 

24 

25  section_t  sectl; 

26  section^  sect2; 

27  Int  cut_cost; 

28  int  unit_cost; 

29  savlngs_t  *temp_save; 

30  int  max_sizes; 

31  int  max_ply; 

32 

33  < 

34  int  i; 

35  int  e  *  0; 

36  float  savings  *  (float)  0.0; 

37  float  save2  *  (float)  0.0; 

38  char  match  *  1; 

39  int  num_units  ■  0; 

40  int  j,  k,  count; 

41  char  match2; 

42 

43  temp_save->ply1  *  sectl.plyjieight; 

44  tsmp_save->ply2  *  sect2.ply_height; 

45 

46  for  (i=0;  i<num_of_sizes;  i++)  { 

47  if  (sectl. sizes[i]  !=  sect2.sizesti]) 

48  match  =  0; 

49  num_units  *  num_units  ♦  sectl. sizesli]; 

50  num_units  =  num_units  +  sect2. sizesli); 

51  ) 

52 

53 

54  if  (match)  {  /*  sizes  in  sections  are  the  same  */ 

55  if  ((sectl. ply_height  +  sect2.ply_height)  <=  max_ply>  { 

56  savings  =  case_ai (sectl,  sect2,  cut_cost); 

57  temp_save->type=  1; 


S090)CBQ909(»0909',<JNNNNNNN  >i  N  O* 
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58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 


temp_save->ply_height  =  sectl.ply  height  +  sect2.ply  height; 

> 

else  if  (nun_units  <=  max_sizes>  { 

save2  =  case_aii(sect1,  sect2,  unit_cost); 

/*  if  (<savir2  >  savings)  ||  (tetnp_save->ply_height  >  max_ply)>  {*/ 

teinp_save->type»  2; 
savings  *  save2; 

tetrp_save->ply_height  ■  seet1.ply_height; 

/*  >  */ 

> 

> 


else  if  (<sect1.ply_height  ««  seet2.plyjieight>  U  <num_units  <•  max_s1m»  { 
savings  »  case_aii(sect1,  sect2,  unit„cost); 
temp_save->type«  3; 

temp_save->ply_he1ght  *  sect1.ply_height; 

) 


else  if  (num_units  <■  max_sizes)  { 

tetrp_save->ply_height  ■  seet1.ply_height; 
savings  ■  case_aii(sect1,  sect2,  unit_cost); 
temp_save->type«  4; 

) 


89  } 

90 


tecnp_save->savings  ■  savings 
return(savings); 


1 

/* . 

2 

3 

•-  $Header:: 

0 :/cops/src/savi ngs/f indi nch .c 

January  1991 

4 

5 

/ . ----- 

6 

-  FILE  NAME 

:  Findinch.c 

7 

-  PROGRAMMER 

:  Terri  A.  Smith 

8 

-  DATE  WRITTEN  :  January  1991 

9 

-  ADDRESS 

:  GTRI/CSITL  Atlanta  GA  30332 

(404)  894-8952 

10 

• 

11 

-  PURPOSE*  To  find  the  length  (in  inches)  in  the  list  of  Is 

12 

- 

13 

14 

• 

— */ 

15  ^Include  <stdio.h> 

16  ^include  <stdlib.h> 

17  Afinclude  <string.h> 

18  (Kinclude  "savedec.h" 

19  ^include  "savelcl.h" 

20 

21  float  find_inches( sizes) 

22 

23  order_t  sizes; 

24 


25  < 

26  int  i,  j; 

27  char  match  «  0; 

28 

29  1  *  0; 

30  while  (((match)  U  (i  <  num_list>)  ( 

31  match  «  1; 

32  for  (J«0;  J<num_of_sizes;  ]♦♦)  { 

33  if  (sizesCJ)  1=  list Ci]  .sizestj]) 

34  match  «  0; 

35  > 

36  +♦(; 

37  > 

38 

39  if  (match) 

40  return(list(-*i] .inches); 

41  else  { 

42  printfC  COUIDNT  FIND  •'); 

43  for  (i=0;  i<num_of_sizes;  i*+)  ( 

44  if  (sizesti)  >  0) 

45  printf("Xd  Xs  ",  sizesti],  order. ch_sizes[i] ); 

46  ) 

47  printf("\n"); 

48  exit(0); 

49  > 

50 

51  ) 

52 


1 


D:/cops/src/savings/getparm.c  December  1990 


6  -FILE  NAME  :  Getparm.c 


7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  December  1990 

9  -  ADDRESS  :  GTRI/CS1TL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  read  In  the  parameters  from  a  file 

12 

13 

14  . V 


15  ^Include  <std1o.h> 

16  ^include  <stdl 1 b.h> 

17  ^include  <str<ng.h> 

18  ffinctude  "savedec.h" 

19  #1nclude  "saveicl.h" 

20 

21  int  get_parameters<ou_units,  max_ply,  max_sizes, 

22  k,  init_ply,  q,  cut_eost,  unit_cost) 

23 

24  Int  *ou_units; 

25  Int  *maxjjly; 

26  Int  *max_sizes; 

27  int  *k;  ~ 

28  Int  *init  _ply; 

29  Int  *q; 

30  Int  *cut_cost; 

31  int  *un1 t_cost; 

32 

33  i 

34  int  i,  J,  m,  l; 

35  FILE  *fp  ■  NULL; 

36  int  quantity; 

37  float  temp; 

38  char  match; 

39 

40  if  <<fp  *fopen("INPUT"#  "r'')>  »■  NULL)  < 

41  printf ("Cannot  open  input  file  -  getparm.c'*); 

42  exit(0); 

43  ) 

44 


45  /*  set  order  and  list  values  to  -1  V 

46  for  (i  *  0;  i  <  MAX_SIZES;  i*+)  < 

47  order. number (i)  *  0; 

48  order. ch_sizes(i)  10)  «  0; 

49  order. perimeter (i)  *  0; 

50  > 

51 

52  for  (i=0;  i<MAX_LIST;  i++)  < 

53  listli). inches  =  (float)  0.0; 

54 

55  for  (j  =  0;  j  <  HAX_SIZE$;  j++) 

56  list(i].sizes[j)  =  0; 

57 


) 


58 

59 

60  .iscanf(fp,"%d",  ou_units); 

61  fscanf(fp,"%d",  max_ply); 

62  fscanf(fp,"%d",  max_sizes); 

63  fscanf(fp,"Xd",  init_ply); 

64  fscanf(fp,"%d",  k); 

65  fseanf(fp,"Xd",  cut_cost); 

66  fscanf(fp,"%d",  unit_cost); 

67  fscanf(fp,"%d",  q); 

68 

69 

70  /*  Input  Order  */ 

71  for  (1  ■  0;  i  <  MAX_SIZES;  < 

72  fscanf(fp,"%d",  lorder. number [i]  ); 

73  If  (order. number [I ]  «*  -1)  ( 

74  order. numbertil  **  0; 

75  break; 

76  > 

77 

78  fscanfffp/'Sd",  border. perimeterM)  >; 

79  fscanf(fp,"Xs",  order. ch_sizes[il); 

80  > 

81 

82  num_of_sizes  *  i; 

83 

84 

85  /*  Input  List  V 

86  1*0; 

87  whHe(l)  ( 

88 

89  fscanf(fp,"Xd,,<  ^quantity); 

90 

91  if  (quantity  **  *2) 

92  break; 

93 

94  while  (quantity  I*  -1)  { 

95 

96  fscanf(fp,"5fd",  &m); 

97 

98  if  (m  >*  num_of„sizes)  ( 

99  printf ("ERROR  in  reading  size  variable  *  getparm.cu) 

100  exit(0); 

101  .  > 

102 

103  listti] .sizeslm)  *  quantity; 

104 

105  fscanf(fp,"Xd",  ^quantity); 

106  > 

107 

108  fscanf(fp,"Xf",  Slistti] .inches); 

109 

110  ++i; 

111  ) 

112 

113 

114 


fclose(fp) 


115  return(i) 

116  > 

117 


1  /* . 

2  --  (Header::  D:/cops/src/*avings/globals.h  January  1991 

3  . V 

4 

5  /* . 

6  •  FILE  NAME  :  Globals.h 

7  •  PROGRAMMER  :  Terri  A.  Smith 

8  •  DATE  WITTEN  :  January  1991 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  declare  all  global  variables 

12 

13 

14  . V 


15  ^include  <atdio.h> 

16  iinclude  "aavedec.h" 

17  ^include  "fiavelcl.h" 

18 

19  ord_var_t  order; 

20 

21  list.t  "list  «  NULL; 

22 

23  int  num_of_sizes; 

24 

25  int  numjist; 

26 

27  int  totat_order  «  0; 

28 

29  int  curr_tot  ■  0; 

30 

31  int  num_old_iect  ■  0; 

32 

33  aection_t  *old_aect  ■  NULL; 


1  INCLUDES  =  savedec.h 

2  UBNAME  =  savelib 

3 

4 

5  OBJS  =  \ 

6  globals.obj  \ 

7  getparm.obj  \ 

8  findinch.obj  \ 

9  case_ai.obj  \ 

10  cese_aii.obj  \ 

11  compute. obj 

12 

13 

14  .c.obj: 

15  *(CC) 

16  S(LIB) 

17 

18 

19  globals.obj  ;  globals.c  SC  INCLUDES) 

20 

21  getparm.obj  :  getparm.c  S< INCLUDES) 

22 

23  findinch.obj  :  findlnch.c  SCINCLUOES) 

24. 

25  case  ai.obj  :  case  ai.c  sc  INCLUDES) 

26 

27  case_aii.obj  :  case  all. c  $( INCLUDES) 

28 

29  compute. obj  :  compute. c  S( INCLUDES) 

30 

31  savings. obj  :  savings. c  S(INCLUOES) 

32 

33  savings.exe  :  savings. obj  S(OBJS) 

34  cl  savings  /link  savelib. lib 

35 

36 

37  S(B)\savings.exe  :  savings.exe 

38  $<CP) 

39 

40  $(I)\savedec.h  :  savedec.h 

41  SCCP) 

42 

43 


6  -  FILE  NAME  :  Savedec.h 

7  -  PROGRAMMER  :  Terri  A.  Gmith 

8  -  PATE  WRITTEN  :  December  1990 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-89S2 

10 

11  *  PURPOSE-  To  define  all  variables  and  procedures 

12 

13  . */ 


14  #ifndef  SAVEDEC_H 

15  Afdefine  SAVEOECJi 

16 

17  ^define  MAXJ.IST  1000 

18  #define  HAXJI2ES  25 

19  iKdefine  HAX~$AVINGS  2 

20 
21 

22  typedef  inf  order_t(MAXj:'lZES); 

23 

24  typedef  char  sizes_t[HAX_S!2ESH10); 

25 

26  typedef  struct  < 

27  order_t  number; 

28  sizes_t  ch_aizes; 

29  int  perimeter (MAX_SIZES); 

30  )  ord_var_t; 

31 

32  typedef  struct  < 

33  order_t  sizes; 

34  float  inches; 

35  >  list_t; 

36 

37  typedef  struct  < 

38  order.,  t  sizes; 

39  int  plyjieight; 

40  char  merged; 

41  )  section_t; 

42 

43  typedef  struct  ( 

44  int  sectl; 

45  int  sect2; 

46  int  plyjieight; 

47  float  savings; 

48  int  type; 

49  int  plyl; 

50  int  ply2; 

51  J  savings_t; 

52 

53 

54  int  get_par6meters(int  ‘units,  int  *max_ply,  int  *max_sizes,  int  *k, 

55  int  *init_ply,  int  ‘q,  int  *cut_cost,  int  *unit_cost) 

56 

57  float  f ind_inches(order_t  sizes); 


58 

59 

60 
6'i 
62 

63 

64 

65 

66 
67 


float  case_ai(section_t  sectl,  section_t  sect2,  int  cut_cost); 

float  case_ai i(section_t  sectl,  section_t  sect2,  int  unit_cost); 

float  compute_savings(section_t  sectl,  section_t  sect2,  int  cut_cost, 

int  unit_cost,  savings_t  *tetnp_save,  int  max_sizes,  int  max_ply) 

(Kendif 


6  •  FILE  NAME  :  Savelcl.h 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  December  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)894-8952 

10  - 

11  -  PURPOSE*  To  define  all  global  variables 

12 

13 

14  . V 

15  Rllfndef  SAVELCLJ 

16  Rfdefine  SAVELCLJ 

17 

18 

19  extern  ord_var_t  order; 

20  extern  Ust_t  *list; 

21  extern  Int  num_list; 

22  extern  Int  num_of_sizes; 

23  extern  Int  totaljrder; 

24  extern  Int  curr_tot; 

25  extern  int  num_old_sect; 

26  extern  sectionj  *old_sect; 

27 

28 

29  fendif 


1 


D:/cops/src/savings/savings.c  December  1990 


3 

4 

5 

. */ 

/ - . - - 

6 

-  FILE  NAME  :  Savings. c 

7 

-  PROGRAMMER  :  Terri  A. 

Smith 

8 

-  DATE  WRITTEN  :  December 

1990 

9 

•  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

- 

11 

•  PURPOSE*  Mai  <  program  which  controls  execution  of  other  procedures 

12 

- 

13 

• 

1*9 

15 

•include  <stdio.h> 

16 

#include  <matloc.h> 

17 

#include  <memory.h> 

18 

•include  <stdlib.h> 

19 

•include  <string.h> 

20 

•include  <time.h> 

21 

•include  <math.h> 

22 

•include  "savedec.h" 

23 

•include  "savelcl.h" 

24 

, 

25 

26 

•define  clockO  time(NULL) 

27 

28 

main(argv,  argc) 

29 

int  argv; 

30 

char  *argc[]; 

31 

32 

( 

33 

/*  Input  Variables  */ 

34 

int  cu_unita; 

/*  •  of  units  over/under  allowed  */ 

35 

int  max_ply; 

/*  max  ply  height  allowed 

*/ 

36 

int  max_aizes; 

/*  •  of  sizes  allowed  /  section 

V 

37 

int  init_ply; 

/*  initial  ply  height 

*/ 

38 

int  k; 

/*  •  c'  merges  allowed 

*/ 

39 

int  cut_cost; 

/*  cutting  cost  /  inch 

*/ 

40 

int  unit_cost; 

/*  unit  cost 

*/ 

41 

int  q; 

/*  ply  used  for  initial  sections  */ 

42 

43 

/*  Output  Variables  V 

44 

float  tot_length; 

/*  the  total  amt  of  fabric  needed*/ 

45 

int  unit_dev; 

/*  deviation  of  units  to  cut  from  order 

46 

char  unit_string[10); 

/*  string  for  over,  under 

*/ 

47 

float  inches; 

/*  used  in  output 

*/ 

48 

49 

int  i,  j,  x,  y; 

/*  counters 

*/ 

50 

int  curr_sect  «  0; 

/*  current  section 

*/ 

51 

section_t  new_sect; 

/*  new  sections 

*/ 

52 

section_t  *save_sect  = 

NULL;  /*  new  sections 

*/ 

53 

div_t  n; 

/*  quotient  and  remainder 

*/ 

54 

savings_t  temp_save; 

/*  temp  savings  -  1  structure 

*/ 

55 

savings_t  *save_list  = 

NUU;  /*  savings  list 

*/ 

56 

int  num_savings; 

/*  #  of  savings  in  list 

*/ 

57 

int  m,  l,  r,  s; 

/*  counters 

*/ 

*/ 


58 

char  mergers_possible  =  1;  /*  Boolean  for  loop 

V 

59 

int  num_new_sect;  /*  #  of  total  new_sect 

V 

60 

int  num_save_sect;  /*  if  of  total  neu_sect 

*/ 

61 

int  num_units;  /*  #  of  units  in  one  section 

V 

62 

int  unit.count;  /*  if  of  units  in  all  sections 

V 

63 

int  order_count;  /*  it  of  units  in  order 

*/ 

64 

int  numjnergers  =  0;  /*  #  of  mergers 

*/ 

65 

FILE  *fp;  /*  output  file  pointer 

V 

66 

clock_t  start_time,  end_time;  /*  times 

V 

67 

double  total_time;  /*  total  time  program  runs 

V 

68 

float  marker;  /*  inches  in  marker 

*/ 

69 

float  totjnarker;  /*  total  inches  in  all  markers 

*/ 

70 

char  match2;  /*  boolean  value 

*/ 

71 

int  count;  /*  counts  the  sections 

V 

72 

int  old_ply;  /*  ply  height  of  older  section 

*/ 

73 

section_t  temp_sect;  /*  temporary  section 

*/ 

74 

int  add_sect;  /*  if  of  sections  to  add 

V 

75 

order_t  temp_order; 

76 

order_t  hold_sizes; 

77 

int  absl,  abs2; 

78 

79 

start_time  ■  clock<); 

80 

81 

if  (<fp  «  fopenl "OUTPUT",  "w">>  «■  NULL)  { 

82 

printfC'CANNOT  OPEN  OUTPUT  FILE  savings.c\n">; 

83 

exit(0); 

84 

) 

85 

86 

/* 

87 

Allocation  of  input  list 

88 

V 

89 

if  ((list  «  (listj  *)malloc(MAX_LIST  *  sireof(list_t»)  »«  1 

NULL)  C 

90 

pr i nt f ( "ALLOCAT I ON  ERROR  FOR  LIST  savings.c\n»); 

91 

exit(0); 

92 

) 

93 

94 

/* 

95 

Get  parameters  and  print  initial  stuff  to  output  file 

96 

V 

97 

num_Jist  *  get_parameters<lou_units,  &max _ply,  &max_sizes,  &k,  4init_ply, 

98 

&q,  &cut_cost,  &unit_cost); 

99 

100 

fprintf(fp,  "SAVINGS  ALGORITHM  2\n\n">; 

101 

fprintfffp,  “MAX  PLY  *  Xd  MAX  #  OF  UNITS  PER  SECTION  =  Xd\n»,  max_ply,  max  ! 

102 

/*  fprintflfp,  "UNIT  COST  *  Xd  cents  CUT  COST  *  Xd  cents\n», 

unit_cost,  cutj 

103 

*/ 

104 

fprintflfp,  "X  *  Xd  INIT  PLY  «  Xd  Q  *  Xd\n\n»,  k,  init_ply 

»  q); 

105 

fprintf(fp,  "0RDER\n"); 

106 

for  (i*0;  i<nuro_of_sizes;  i*+)  { 

107 

fprintfffp,  "Xd  SIZE  Xs\n",  order.numberCi),  order. ch  sizesli]); 

108 

> 

109 

110 

f* 

111 

Allocate  space  for  two  sets  of  sections 

112 

V 

113 

for  (i=0;  i<nun_of_sizes;  i++) 

114 

total_order  =  total_order  ♦  order.numberCi); 

mi 


115 

116  if  (<old_sect  =  (section_t  *)malloc(total_order  *  sizeof(section_t)>)  ==  NULL)  { 

117  pr  i  nt  f  ( "ALLOCAT I  ON  ERROR  FOR  OLD  SECTION  savings.c\n"); 

118  exit(O); 

119  } 

120 

121  if  <<save_seet  =  (section_t  *)matloc(total_order  *  sizeof(section_t)))  ==  NULL)  { 

122  pr i nt f ( "ALLOCAT I ON  ERROR  FOR  SAVE  SECTION  savings. c\n"); 

123  exit(O); 

124  > 

125 

126  for  (i*0;  i<mm_of_sizes;  i++)  { 

127  temp_order[i)  ■  order. number [ij; 

128  } 

129 

130  /* 

131  Assign  each  unit  in  order  to  a  separate  section  of  initial 

132  ply  height 

133  */ 

134  for  (i  «0;  i  <  total_order;  i*+)  { 

135  old_sect[i).ply_height  *  q; 

136  old_sect[i] .merged  «  0; 

137 

138  for  (j*0;  j<  MAX_SIZES;  j++) 

139  old_sect[i) . sizes l J]  ■  0; 

140  ) 

141 

142  unit. 'aunt  ■  0; 

143  for  .  1*0;  i<num_of_sizes;  i+*)  { 

144  n  «  div(order.numberli) ,  q); 

145  for  (j=>0;  jxn.quot;  j++)  ( 

146  old_sect[curr_sect].sizes[iJ  «  1; 

147  ++curr_sect; 

148  unit  count  «  unit  count  ♦  q; 

149  ) 

150  ) 

151 

152  for  (i=0;  i<num_of_sizes;  i++)  { 

153  n  »  div(order.number(iJ,  q); 

154  for  (jsO;  J<n.retn;  j++)  < 

155  unit_dev  •  total_order  •  unit_count; 

156  if  <<ou_units  •  unft_dev)  <  0)  { 

157  old_sect[curr_sect) .sizesti]  «  1; 

158  ++curr_sect; 

159  unit_count  «  unit_count  ♦  q; 

160  > 

161  > 

162  > 

163 

164  mm  old  sect  =  curr  sect; 

165 

166  /* 

167  Allocate  space  for  savings  list  and  initialize 

168  */ 

169  if  <(save_list  =  <savings_t  *)malloc(MAX_SAVINGS  *  sizeof(savings_t)))  ==  NULL)  { 

170  printf ("ALLOCAT ION  ERROR  FOR  SAVINGS  LIST  savings. c\n»); 

171  exit(O); 


172  > 

173 

174  for  (i«0;  i<MAX_SAVINGS;  (+♦)  ( 

175  save_list(i] .savings  «  (float)  0.0; 

176  save_list[i].ply_height  »  0; 

177  save  list[i].type  «  0; 

178  > 

179 

180 

181  /* 

182  Main  loop  in  the  Savings  algorithm: 

183  -  creates  a  savings  list  and  merges  sections  one  at  a  time. 

184  *  a  temporary  section  is  created  and  merged  with  initial  sections 

185  until  it  is  completely  filled.  It  is  then  save  in  the 

186  save_section  and  a  new  temporary  section  is  started 

187  -  When  all  sections  are  saved  to  the  save_section  then  program  is 

188  terminated 

189  */ 

190 

191  num_save_sect  ■  0; 

192  while  (mergers_possible)  { 

193 

194  for  (1=0;  i<MAX_SAVINGS;  i«*>  ( 

195  save_list[i] .savings  *  (float)  0.0; 

196  save_list[i] .ply_height  *  0; 

197  save  listlil.type  «  0; 

198  ) 

199 

200 

201  printfC'NUM  OLD  SECT  *  %d\n",  num_old_sect); 

202  if  (num_old_sect  <=  1) 

203  break; 

204 

205  num_units  «  0; 

206 

207  /* 

208  Uhen  the  max  number  of  units  per  section  is  reached,  the  section 

209  is  saved  in  save_section 

210  V 

211  for  (j=0;  j  <num_of_sizes; 

212  num_units  «  old_sect[0].sizeslj)  ♦  num_units; 

213 

214  if  (num_uni ts  >=  max_sizes)  < 

215  memcpy(&seve_sectlnun_save_sect]l  Sold_sect[0),  sizeof(section_t)) 

216 

217  for  (i  =  0;  i<num_old_sect-1;  i^k) 

218  mefncpy(8old_sectli] ,  &old_sect[i*1),  sizeof(section_t)); 

219 

220  ++num_save_sect; 

221  --num_old_sect; 

222  > 

223 

224 

225  mergers  jxjssible  =  0; 

226  num_savings  =  0; 

227 

228  /* 
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Create  Savings  list 
V 

1  *  0; 

for  (j*i+1;  j<nun_old_sect;  j++)  < 
temp_save.sect1  *  1; 
temp_save.sect2  «  J; 
temp_save.ply_height  «  0; 
temp_save. savings  *  (float)  0.0; 
temp_save. type  «  0; 

compute_savings(old_sectH],  old_sectlj],  cut_cost,  unit_cost, 
&temp_save,  max_sizes,  maxjsly); 


m  ■  0; 

while((m  <  num_savings)  && 

(temp_save. savings  <*  save_list[m}  .savings)) 

♦♦m; 

if  <m  l«  HAX_SAVINGS)  { 

for  (l  «  nun_savings;  l  >  m;  l— >  ( 

memcpy(&save_listtl],  Ssave_listtl-1] ,  sizeof(savings_t)> 
) 

memcpy(&save_list(l],  &temp_save,  sizeof(savings_t)); 
if  (num_savings  <  HAX_SAVINGS-1) 

♦♦num_savings; 

) 

) 

/* 

Merge  Sections 
V 


new_sect.ply_height  »  q; 
new_sect. merged  »  0; 

for  ( j=0;  j<  MAX_SiZES;  j++) 
ne«_sect. sizeslj]  »  0; 

num_mergers  «  0; 
m  ■  0; 

for  (i=0;  i<num_savings;  i++)  { 
r  *  save_list[i] .sectl; 
s  *  save_list[i] .sect2; 
num_units  =  0; 

for  (j=0;  j  <num_of_sizes;  j++)  { 

num_units  =  old_sectlr] .sizeslj]  +  num_units; 
if  (save_list[i) .type  I*  1) 

num_units  =  old_sect[s] .sizeslj]  ♦  num_units; 

> 

if  (<save_listli) ,ply_height  <=  max_ply)  && 

( I old_sectlr] .merged)  && 

(lold_secttsl .merged)  && 
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(numunitf  <*  max.sizes)  It 
(save_.l1stni.type  I*  0))  C 

mergers_possible  ■  1; 
old_sect[r] .merged  >1; 
old_sect [si .merged  ■  1; 

new_sect.ply_hefght  *  save_Hsttil.ply_height; 
for  (j*0;  j<num_of_sizes;  j++>  i 

new_sect.sizes[j]  «  new_sect.s<zes[Jl  ♦ 

old_sect[r] . sizes  [Jl; 

If  (save_l1st[il.type  !■  1) 

new_sect.sizes[]l  «  neu_sect.*izes[j]  + 
old_sect [si .sizes [j] ; 

> 


/* 

If  the  savings  is  achieved  by  rearranging  sizes 
In  one  section  (not  by  putting  ptys  on  top  of 
each  other},  then  the  two  ply  heights  of  the  sections 
must  be  manipulated  to  keep  the  order  correct, 
e.g.  If  one  section  has  ply  3  and  the  other  ply  10 
one  section  of  ply  3  with  bothe  sizes  combinations 
is  made  and  7  sections  of  kept  in  the  list  of  merging 
sections 

*/ 

if  (save_list[il .type  !■  1>  { 

for  (x*0;  x<num_of_sizes;  x++) 

hold_sizes[x]  =  old_sectts] .sizes [xl; 


I* 

Count  how  many  sections  in  the  sections  list  match 
the  given  section  to  merge 

*/ 

count  «  0; 

for  (1=1;  l<num_old_sect;  l+*>  C 
match2  *  1; 

for  (J=0;  j<num_of_sizes;  j++)  { 

if  (old_sect[s].sizes[jl  !=  old_sect[ll .siz^s[j] } 
match2  =  0; 

} 

if  (match2) 

++count; 

} 

/* 

If  the  count  is  greater  than  the  ply  height  of 
the  temporary  section,  combine  the  two  sections 
with  the  ply  height  of  temporary  section  and  then 
delete  that  number  (ply  height)  of  sections  from 
the  section  list 

*/ 

if  ((save_list[il .plyl  /  q>  <=  count)  { 
count  =  save_list[i) .plyl  /  q; 
for  (1=1;  l<num_old_sect;  1++)  ( 


1 

m  343 

match2  =  1; 

1  344 

for  (j=0;  j<num_of_sizes;  j++)  { 

■  345 

if  (hold_sizestj]  1  =  old_sect(l]  .sizestj] ) 

346 

match2  =  0; 

■  347 

) 

■  348 

"  349 

if  ((match2)  &&  (count  >  0))  i 

350 

for  <m=l;  m<num_old_sect-1;  m**) 

S  351 

memepy(Sold_secttm],  8old_secttm*1],  sizeof(section_t)); 

■  352 

353 

--num_old_seet; 

_  354 

••count; 

1  355 

-i; 

■  356 

> 

357 

) 

H  358 

)  /*  save_listti].ply1  <«  count  V 

■  359 

■  360 

/* 

361 

else  if  the  count  is  less  thBn  the  ply  height 

■  362 

of  the  temporary  section,  then  the  temp  section 

■  363 

will  have  a  ply  height  of  count  and  sections  are 

364 

added  back  to  the  section  list  based  on  the  the 

365 

old_ply  (of  temp  section)  minus  the  the  count 

■  366 

*/ 

|  367 

else  { 

368 

if  (count  >  0)  { 

_  369 

if  (old_sect(0) .ply_height  >  count)  ( 

■  370 

old_ply  «  old_sect[0).ply_height; 

■  371 

old_sect(0] .ply_height  »  count; 

372 

new_sect.ply_height  •  count; 

■j  373 

for  (isO;  i<num_of_sizes;  i*+>  { 

■  374 

if  (old_sect(0)  .sizestij  >  0)  { 

■  375 

add_sect  =  old_ply  -  count; 

376 

temp_sect.ply_height  «  q; 

■  377 

temp_sect .merged  *  0; 

■  378 

379 

for  (j=0;  j<num_of_sizes;  j++) 

380 

temp_sect. sizestj]  *  0; 

■  381 

■  382 

temp_sect.sizes[i]  =  1; 

383 

H  384 

for  (1=0;  l<old_sect CO] . sizes [i];  1++)  { 

■  385 

for  (j=0;  J<add_sect;  j++> 

■  386 

memcpy(8old_st'ct tnum_old_sect+'*-] ,  &temp_sect,  sizeof(section_t) 

387 

> 

■  388 

)  /*  if  old_sect[0] .sizes [i]  >  0  */ 

a  389 

}  /*  for  i=0  etc  */ 

m  ■  390 

>  /*  old_sect[0).ply  >  0  */ 

391 

■  392 

for  (1=1;  l<num_old_sect;  1++)  { 

|  393 

match2  =1; 

394 

for  (j=0;  j<num_of_sizes;  j++)  { 

m  395 

if  (hold_sizes[jJ  1=  old_sect[l]. sizestj]) 

1  396 

match2  =  0; 

■  397 

) 

398 

|  399 

1 

if  ((match2)  88  (count  >  0))  { 
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for  (m»l;  m<num_old_sect-1;  m++> 

memcpy(8old_sect[m),  &old_sect[mM],  sizeof(section_t)) 

-•num_old_sect; 

■•count; 

"t; 

> 

>  /*  for  l»1  etc  */ 

}  /*  count  >  0  */ 

)  /*  else  */ 

>  /*  If  type  !■  1  V 

++m; 

If  (♦+num_merjer*  >■  k) 
break; 

> 

) 

memcpyCSotd.sectCO],  Snew_aect,  sizeof(section_t)); 

/* 

Merges  Complete 

*1 

if  (save_listti) .type  ««  1)  < 

for  (i«s;  i<  num_old_sect*1;  !♦♦) 

memcpy(Sold_8eetCi],  4old_sect[i*1] ,  sizeof(section_t>); 

••num.old_sect; 

> 

num_savings  *  0; 


>  /*  End  of  While  (1)  */ 

if  (num_old_sect  >  0)  { 

for  (i=0;  i<num_old_sect;  i++)  C 

memcpy(4save_sect lnum_save_sect+*] ,  4old_sect[i),  sizeof(section_t)); 
) 


/* 

put  final  information  in  output  file 

V 

end_time  «  ciockO; 

total_time  =  ((double)  end_time  •  start_time)  /  CLK_T CIC ; 

fprintf(fp,  "\n\n**********************************************\n"); 

tot_length  =  (float)  0.0; 

uni t_dev  =  0; 

order_count  =  0; 

unit_count  =  0; 

tot_marker  =  (float)  0.0; 

fprintf(fp,  "THE  #  OF  FINAL  SECTIONS  ARE  :  %d\n»,  num_save_sect); 


457  for  (i=0;  i<num_save_sect;  i++)  < 

458  fprintf(fp,  “SECTION  Xd  HAS  PLY  =  Xd\n",  i,  save_sect[i] .ply_height); 

459  for  (j=0;  j<num_of_sizes;  j++)  { 

460  if  <save_sectCi).sizestj]  >  0>  { 

461  fprintf(fp,  "  AND  Xd  SIZE  Xs\n",  save_sect [{]. sizes [JJ,  order. ch_sizes 

462  unit_count  «  unit_count  +  (save_sect[i).sizes[J)  *  save  sect[i].ply  height); 

463  S 

464  } 

465  marker  »  find_inches(save_sect[i). sizes); 

466  inches  ■  marker  *  save_sectti) .pty_height; 

467  fprintf(fp,  “MARKER  LENGTH  ■  X7.2f~TKE  TOTAL  LENGTH  ■  X7.2f\n\n", 

468  marker,  inches); 

469  tot_length  »  tot_length  ♦  inches; 

470  tot_marker  *  tot./narker  +  marker; 

471  > 

472 

473  for  <J*0;  J<num_of_sizes;  j++) 

474  order_count  ■  order_count  ♦  order.nunberCj); 

475 

476  unit_dev  *  order_count  •  unit_count; 

4 77  if  (unit_dev  >  0) 

478  strcpy(unit_string,  “UNDER"); 

479  else  if  (unit_dev  ■«  0) 

480  strcpy(unit_string,  “\0“>; 

481  else  { 

482  unit_dev  *  unit_dev  *  *1; 

483  strcpy(unit_strTng,  "OVER"); 

484  ) 

485 

486  fprintflfp,  "TOT  MARKER  «  X7.2f  TOT  LENGTH  «  X7.2f,  UNIT  OVER/UNDER  «  Xd  X8\n\n“, 

487  totjnarker,  tot_length,  unit_dev,  unit_string); 

488  fprintflfp, ""“TOTAL  TIME  •  Xf  SEC0N0S\n»,  totaftime); 

489 

490 

491  /* 

492  Free  all  space  and  close  output  file 

493  V 

494  if  (list  I*  NULL) 

495  free(list); 

496 

497  if  (save_list  !=  NULL) 

498  f  reel save_l i st ) ; 

499 

500  if  (old_sect  !=  NULL) 

501  free(old_sect); 

502 

503 

504  fclose(fp); 

505 

506  return(O); 

507  ) 


Cherry  Algorithm  Source  Code 


1 


D:/cops/src/cherry/cherdec.h  December  1990 


3  . * 

4 

5  /* . 

6  -  FILE  NAME  :  Cherdec.h 

7  •  PROGRAMMER  :  Terri  A.  Smith 

8  •  DATE  WRITTEN  :  December  1990 

9  •  ADDRESS  :  GTRI/CSITl  Atlanta  GA  30332  (404)  894-8952 
10 

11  -  PURPOSE-  To  define  all  variables  and  procedures 

12 

13 

14  .  . */ 

15  #ifndef  CHERDECJi 

16  tfdefine  CHERDEcTn 

17 

18  #define  MAXJ.IST  1000 

19  tfdefine  MAX~SIZES  25 

20 

21  typedef  int  order_t [MAX_S12ES]; 

22 

23  typedef  char  sizes_ttMAX_SlZES][10); 

24 

25  typedef  struct  < 

26  order_t  number; 

27  sizes_t  ch_sizes; 

28  )  ord_var_t; 

29 

30  typedef  struct  { 

31  order_t  sizes; 

32  float  inches; 

33  >  list  t; 

34 

35  typedef  struct  < 

36  order_t  sizes; 

37  int  ply^height; 

38  )  section_t; 

39 

40  int  getjsarametersfint  ‘units,  int  *max_ply,  int  ‘max  sizes); 

41 

42  float  f ind_inches(order  t  sizes); 

43 

44  float  combine_inches(order_t  set  s); 

45 

46  void  check  inchesCsection  t  ‘temp  secs,  int  *num  temp  secs); 

47 

48  void  clear_temp(section_t  *temp_secs,  int  *num  temp  secs); 

49  . 

50  void  copy_hold_to_sections<); 

51 

52  void  ones(order_t  set_s,  section_t  *temp_secs,  int  *num_temp_secs); 

53 

54  void  twos(order_t  set_s,  section_t  *temp_secs,  int  *num_temp_secs); 

55 

56  void  threes <order_t  set_s,  section_t  *temp_secs,  int  *num  tenp  secs); 

57 
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58  void  fours(order_t  set_s,  section_t  *temp_secs,  int  *nun_t«iip_secs); 

59 

60  void  f ives(order_t  set_s,  section_t  *twnp_secs,  int  *num_t«rp_secs); 

61 

62  void  sixes(order_t  set_s,  section_t  *temp_sec*,  int  *num_tefflp_8ecs); 
#endif 
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6  •  FILE  NAME  :  Savelcl.h 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  Deceflfcer  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 
10 

11  -  PURPOSE-  To  define  all  global  variables 

12 

13 

14  . */ 

15  #ifndef  CHERLCLJ) 

16  ^define  CHERLCLJ) 

17 

18 

19  extern  ord_var_t  order; 

20  extern  list_t  Mist; 

21  extern  int  numjist; 

22  extern  int  num_of_sizes; 

23  extern  order_t  temp_order; 

24  extern  int  num_sections; 

25  extern  float  totaljnches; 

26  extern  float  prevjnch; 

27  extern  section_t  ‘sections; 

28  extern  int  num_hold_secs; 

29  extern  section_t  *hold_secs; 

30  extern  int  ply  height; 

31 

32 

33  (fendif 


1 


D:/cops/src/cherry/cherry.e  December  1990 


3  . V 

4 

5  /* . 

6  -  FILE  NAME  :  Cherry.c 

7  -  PROGRAMMER  ;  Terri  A.  Smith 

8  •  DATE  WRITTEN  :  December  1990 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10  - 

11  •  PURPOSE-  The  main  program  which  executea  all  other  procedures 

12  - 

13  - 

14  . . 


15  Hfinclude  <atdio.h> 

16  # Include  <malloc.h> 

17  iinclude  <stdlib.h> 

18  tKinclude  <string.h> 

19  iinclude  <memory.h> 

20  #include  <time.h> 

21  iinclude  "cherdec.h" 

22  iinclude  "cherlcl.h" 

23 

24  #define  clock()  time(NULL) 

25 

26  main(argv,  argc) 

27  int  argv; 

28  char  *argc[]; 

29 

30  ( 

31  /*  Input  Variables  */ 

32  int  ouunits; 

33  int  max_ply; 

34  int  max_sizes; 

35 

36  /*  Output  Variables  V 

37  int  nui»_temp_sees; 

38  float  tot'.length; 

39  float  totjnarker; 


40 

section_t  *temp_secs*NULL;  /*  each  section  description 

*/ 

41 

int 

unit_dev  «  0; 

/*  deviation  of  #  of  units  from 

order  */ 

42 

char 

unit_string£10); 

;  /*  string  to  print  over,  under 

V 

44 

int 

ql; 

/*  largest  quantity  in  order 

V 

45 

int 

•£; 

/*  2nd  largest  quantity  in  order  */ 

46 

int 

s_var; 

/*  q2  minus  ou_units 

*/ 

47 

orderj 

:  set_$; 

/*  set  S  of  sizes 

V 

48 

int 

max_sections=0; 

/*  max  #  of  sections  to  allocate  */ 

49 

char 

repea t_loop; 

1*  boolean  to  loop  again  or  not 

V 

so 

int 

I,  j<  k,  l,m,n; 

/*  counters 

*/ 

51 

float 

inches; 

/*  used  for  printing  results 

V 

52 

float 

marker; 

/*  used  for  printing  results 

*/ 

53 

int 

sets_cnt; 

/*  #  of  sizes  in  set  S 

*/ 

54 

FILE 

*fp; 

/*  output  file  pointer 

*/ 

55 

int 

unit_count  *  0; 

/*  #  of  units  in  all  sections 

*/ 

56 

int 

order_count  =  0; 

;  /*  #  of  units  in  order 

*/ 

57 

int 

ou_count  *  0; 

/*  count  to  determine  if  repeat 

loop  V 

/*  #  of  units  over/under  allowed  •/ 


/*  max  ply  height  */ 
/*  #  of  sizes  allowed  /  section  V 

/*  #  of  total  sectiona  V 
/*  total  length  of  fabric  */ 
/*  total  length  of  fabric  */ 
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58 

59 
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111 
112 
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114 


clock_t  start_time,  end_time; 

double  total_t1me; 

start_time  =  elockO; 

/* 

Open  output  file 

*/ 

if  «fp  «  fopen  ("OUTPUT",  "w"))  «»  NULL  )  { 
printfO'CANNOT  OPEN  OUTPUT  FILE  cherry.c\n">; 
exit(O); 

) 

r 

Allocate  space  for  the  list  of  Is 

*/ 

if  ((list  ■  (list_t  *)matloc(MAXJ.lST  *  sizeof(list_t}>)  ■«  NULL)  < 
printf ("ALLOCATION  ERROR  FOR  LIST  cherry. e\n»); 
exit(O); 

) 

numjist  »  fletj3arameters(iou_units,  lmax_ply,  tmax_sizes); 

fprintf(fp,  "CHERRY  ALGORITHH\n\n">; 

fprintf(fp,  "MAX  PLY  ■  Xd  MAX  #  OF  UNITS  PER  SECTION  *  Xd\n»,  max_ply,  max.sizes); 

fprintf(fp,  "\n  OROER\n»); 

for  (i*0;  i<num_of_sizes;  !♦♦)  C 

fprintf(fp,  "Xd  SI2E  Xs\n",  order. number Ci),  order.ch_sizes[i}>; 
order_count  «  order_count  ♦  order .number til; 

> 

/* 

Allocate  space  for  the  max  number  of  sections 
for  the  three  list  of  sections 
V 

for  (i*0;  i<  MAX_SIZES;  < 

max_sections  «  max_sections  ♦  order. numberlij; 

) 

if  ((sections  ■  (section_t  *)malloc(max_sections  *  sizeof(section_t))>  *=  NULL)  ( 
pr i nt f ( "AL LOCAT 1 ON  ERROR  FOR  SECTIONS  eherry.c\n»); 
exit(0); 

> 

if  ((temp_secs  ■  (section_t  *)malloc(max_sections  *  sizeof(section_t)))  *«  NULL)  ( 
print  f  O'ALLOCAT  I  ON  ERROR  FOR  SECTIONS*"  cherry.c\n»); 
exit(O); 

> 

if  ((hold_secs  «  (section_t  *)malloc(max_sections  *  sizeof(section_t)))  —-NULL)  ( 
print f 7"ALLOCAT I ON  ERROR  FOR  SECTIONS"  cherry.c\n»); 
exit(O); 

) 


for  (i=0;  i<max_sections;  i++)  { 
sectionsli] .ply_height  *  0; 
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for  ( j=0;  j<HAX_SIZES;  j+>) 
sect  ions  ti].  sizes  tjl  *  0; 

> 

num_sect  ion's  =  0; 

/* 

Main  Loop  of  program 

*/ 

while  (1)  ( 

for  (i*0;  i<max_sections;  i++)  ( 
temp_secsli3.ply_height  ■  0; 
for  (J«0;  J<MAX_SIZES;  J++> 
temp_secslil .sizes C j]  *  0; 

> 

repeat_loop  *  0; 

/* 

Choose  Q1  and  Q2 
V 

ql  ■  0; 

q2  «  0; 

for  (i«1;  i<num_of_sizes;  <♦+>  ( 

if  <order. number  til  >  order. numbertqll) 
ql  *  i; 

> 

q2  *0; 

for  (i»0;  i<num_of  jtizes;  i*+>  ( 
if  til*  ql)  < 

if  (order. numbertil  >*  0)  ( 
q2  ■  i; 
break; 

y 

y 

y 

for  (i*0;  i<num_of_sizes;  {♦+)  ( 
if  (i  !«  q1)~ 

if  (order. numbertil  >»  order.number[q2) > 
q2  *  i; 

> 

if  ( order. number tq2]  <*  0) 
q2  *  ql; 


/* 

Form  set  S  with  all  the  sizes  remaining  in  the  order 
which  have  a  quantity  greater  than  or  equal  to  q2  *  the  nunber 
of  units  allowed  over  the  specified  demand 
V 

s_var  =  order. number tq2)  •  ou_units; 
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sets_cnt  =  0; 

for  (i=0;  i<MAX_SIZES;  i++)  { 

if  ((order. number(i)  >=  s_var)  &&  {order. number  >  0))  { 
set_s[i]  =  1; 

♦+sets_cnt; 

> 

else 

set_s[i]  ■  0; 

) 


/* 

Set  ply  height  of  next  section  to  the  min(q2,  max  ply) 

*/ 

ply_height  «  order.number[q2); 

If  (max_ply  <  order. number [q2] ) 
plyjielght  «  max_ply; 


/* 

Combine  all  posibi l {ties  of  sections  up  to  5  units 
per  section 
V 

inches  «  (float)  9999.0; 
for  (i«0;  i<MAX_SI2ES;  I++) 
temp_orderli]  *  0; 
num_temp_secs  ■  0; 

totaljnches  a  (float)  0.0; 


ones(set_s,  temp_secs,  lnum_temp_secs); 

check_inches(temp_secs,  inum_temp_secs); 

clear_temp(temp_secs(  &num_tefrp_secs); 

if  ((sets_cnt  >  1)  U  (max_sizes  >  1))  ( 
twos(set_s,  temp_secs,  4num_temp_secs>; 
check_inches(temp_sec8,  tnum_temp_8ecs); 
clear_temp(temp_secs,  4nun_temp_secs); 

> 

if  ((sets_cnt  >  2)  &&  (max_sizes  >  2))  C 
threes(set_s,  temp_secs,  &num_temp_secs); 
check_inches(temp_secs,  4num_temp_secs); 
clearjtemp(temp_secs,  4nun_temp_sees); 

) 

if  ((sets_cnt  >  3)  &&  (max_sizes  >  3))  { 
fours(set_s,  temp_secs,  &num_temp_secs); 
check_inches(temp_secs#  &num_temp_secs); 
clear_tefip{temp_secs,  Snum_temp_secs); 

> 

if  ({sets_cnt  >  4)  &&  (max_sizes  >  4))  { 
fives(set_s,  temp_secs,  &nun_temp_secs); 
check_inches(temp_secs,  Snum_temp_secs); 
clear_tefnp(temp_secs,  &nnn_temp_secs); 

> 
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if  ((sets_cnt  >  5)  &&  (max_sizes  >  5))  i 
sixes(set_s,  temp_secs,  &num_temp_secs); 
check_inches(temp_secs,  &num_temp_secs); 
clear_temp(temp_secs,  &num_temp_secs); 

> 

copy_hold_to_sect i ons( ) ; 

I* 

Reduce  the  order  demand 

V 

for  (m»(num_sections  -  num_hold_secs);  m<num_8ection8;  m*+)  { 
for  (n*0;  n<  num_of_sizes;  m+)  { 
if  (sectionstm) .sizes Cn)  *=  1)  { 

order. numberln]  *  order. number  In)  -  ply_height; 
set_stn]  «  0; 

) 

> 

> 

/* 

Repeat  loop  if  the  order  contains  a  size  w/  positive 
quantity  greater  than  the  number  of  units  allowed  under  the 
specified  demand,  else  break  out  of  loop 

V 

ou_count  «  0; 

for  (i*0;  i<num_of_sizes;  <♦•*•>  { 

ou_count  ■  ou_count  +  order. number [i]; 
if  (ou_count  >  ou_units) 
repeat_loop  ■  1; 

3 

if  (!repeat_loop> 
break; 

>  /*  END  of  While  <1)  V 
end_time  *  clock(); 

total_time  *  ((double)  end_time  •  start_time>  /  CIK_TCK; 

/* 

Print  Out  Results 

V 

fprintf(fp,  "\n\n*********************************************\n,,>; 
fprintf(fp,  "THE  NUH8ER  OF  FINAL  SECTIONS  «  Xd\n",  nun_sections); 

for  (i=0;  i<num_sections;  i++)  { 

marker  *  f ind_inches(sections(i) .sizes); 
inches  =  marker  *  sectionslij .ply_height; 
total_inches  =  total_inches  +  inches; 
totjnarker  =  tot_marker  +  marker; 

fpr7ntf(fp,  "\nsIcTI0N  Xd  HAS  PLY  =  Xd\nM,  i,  sectionsli]  .plyjieight); 
for  (j=0;  j<num_of^sizes;  ;♦♦)  ( 
if  (sectionsli) .sizes EJ3  >  0)  ( 

fprintf(fp,  "  HAS  Xd  SIZE  Xs\n",  sections[i).sizes[j),  order.ch_sizestj)) 
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unit_count  =  unit_count  +  (sectionsli) .sizeslj]  *  sectionsli) .ply_height>; 

> 

> 

fprintf(fp,  "MARKER  INCHES  =  X7.2f  and  TOTAL  INCHES  X7.2f\n",  marker,  inches); 

> 

fprintf(fp,  "\nTOTAL  MARKER  INCHES  =  %7.2f  TOTAL  INCHES  =  X7.2f\n»,  totjnarker,  totaljnches) 


unit_dev  =  order_count  •  unit_count; 
if  (unit_dev  >  0) 

strcpy(unit_string,  "UNDER"); 
else  if  (unit_dev  =«  0) 
strcpy(unit_string,  "\0"); 
else  { 

unft_dev  *  unit_dev  *  -1; 
strcpy(unit_string,  "OVER"); 

> 

fprintf(fp,  "UNIT  OVER/UNDER  ■  Xd  Xs\n\n",  unit_dev,  unit_string); 
fprintf(fp,  "TOTAL_TIME  «  Xf\n",  total_time>; 


if  (list  I*  NULL) 
f reel  list); 

if  (sections  !«  NULL) 
free(sections); 

if  (temp_secs  l«  NULL) 
frec(temp_secs); 

if  (hold_secs  I*  NULL) 
free(hold_secs); 

fctose(fp); 

return(0); 
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D:/cops/src/cherry/chkinch.c  December  1990 


3  . V 

4 

5  /* . 

6  •  FILE  NAME  :  Chkinch.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  •  DATE  WRITTEN  :  December  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 
10 

11  -  PURPOSE-  To  determine  if  the  total  inches  calculated  from 

12  -  the  last  grouping  of  sections  is  less  than  any  previous 

13  -  grouping.  If  so  the  sections  are  saved  in  the  hold 

14  -  sections. 

15 

16 

17  . */ 

18  ^include  <stdio.h> 

19  ^include  <malloc.h> 

20  ^include  <stdlib.h> 

21  #include  <memory.h> 

22  Hfinclude  "cherdec.h" 

23  ^include  "cherlcl.h" 

24 

25  void  check_inches(temp_secs,  num_temp_sees) 

26  section_t  *temp_secs; 

27  int  *num_temp_secs; 

28 

29  { 

30 

31  int  m,  i,  j; 

32 

33  if  ((totaljnches  <  prev_inch>  &&  (totaljnches  >  (float)  0.0))  { 

34  num_hold_secs  ■  0; 

35  for  (m=0;  m<*num_temp_secs;  im-+)  { 

36  memcpy(Shold_secs(num_hold_secs] ,  &temp_secs[m] ,  sizeof(section_t)) 

37  hold_secstnum_hold_secs) .ply_height  *  ply_height; 

38  ++nun_hold_secs; 

39  > 

40  prev_inch  =  totaljnches; 

41  > 

42 

43  > 
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6  •  FILE  NAME  :  Clrtemp.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  Initializes  the  temp  sections 

12 

13 

14  . V 

15  iinclude  <stdio.h> 


16  ^include  <malloc.h> 

17  ^include  <stdlib.h> 

18  #include  <memory.h> 

19  (Kinclude  “cherdec.h" 

20  #include  "cherlcl.h" 

21 

22  void  clear_temp(temp_secs,  num_temp_secs) 

23  section_t  *temp_secs; 

24  int  *num_temp_secs; 

25 

26  ( 

27  int  i,  j; 

28 

29  totaMnches  ■  (float)  0.0; 

30  for  (i*0;  i<  *num_temp_secs;  i++)  { 

31  for  (j»0;  j<  num_of_sizes;  j++)  { 

32  temp_secs[1]  .sizes tj]  *  0; 

33  > 

34  ) 

35  *num_temp_secs  »  0; 

36 

37  } 


1 

r . * . 

—  — 

2 

--  SHeader::  D:/cops/src/cherry/combine.c 

January  1991 

J 

4 

5 

-  J 

6 

•  FILE  NAME  :  Combine. c 

7 

•  PROGRAMMER  :  Terri  A.  Smith 

8 

-  DATE  WRITTEN  :  January  1991 

9 

•  ADDRESS  :  GTR1/CSITL  Atlanta  GA  30332 

(404)  894-8952 

10 

- 

11 

•  PURPOSE*  Finds  the  lenflth  (in  inches)  of  the  combine  units 

12 

13 

14 

15 

in  one  section. 

" / 

16 

^include  <stdio.h> 

17 

#include  <stdlib.h> 

18 

# include  <string.h> 

19 

^include  "cherdec.h" 

20 

#include  "cherlct.h" 

21 

22 

float  combine_inches(temp_order) 

23 

24 

order_t  temp_order; 

25 

26 

{ 

27 

float  inches; 

28 

29 

inches  «  f ind_inches(temp_order); 

30 

31 

return( inches); 

32  > 

33 
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1 

-  FILE  NAME  :  Cphold.c 

7 

-  PROGRAMMER  :  Terri  A.  Smith 

_  8 

-  DATE  WRITTEN  :  December  1990 

1 

•  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

■  10 

11 

-  PURPOSE*  Copies  the  temp  sections  into  the  hold  sections. 

■  12 

1 

. V 

■  14 

^include  <stdio.h> 

15 

#include  <malloc.h> 

■  16 

^include  <stdlib.h> 

1 

#include  <memory.h> 

"  18 

^include  "cherdec.h" 

19 

#include  "cherlcl.h" 

■  20 

1 

void  copy_hold_to_sections() 

22 

23 

C 

I 

W  25 

int  m; 

26 

■  27 

for  (m=0;  m<num_hold_secs;  m*+)  { 

y  28 

memcpy(&sect ions [num_sect ions] ,  &hold_sfccs[m) ,  sizeof(section_t)); 

■  29 

sect ions[num_sect ions] .ply_height  :  plyjieight; 

30 

++num_sections; 

■ 

) 

8  32 

■  33 

prev_inch  *  (float)  9999.0; 

a  34 

1 

1 

1 

> 

1 

1 

I 

1 

1 

J 

* 

- MS - 

1  t* . - . 

2  —  SHeader:;  D:/cops/src/cherry/findinch.c  January  1991 

3  . . 

4 

5  /* . 

6  -  FILE  NAME  :  Findinch.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 
10 

11  -  PURPOSE-  Finds  the  current  unit  Grouping  in  the  Hat  of  Is. 

12  -  If  it  is  not  found  program  is  exited. 

13 

14  .- 

15  -  MODIFICATION  HISTORY- 

16 

17  . */ 


18  #include  <stdio.h> 

19  #include  <stdlib.h> 

20  #include  <string.h> 

21  #include  "cherdec.h" 

22  ^include  "cherlcl.h" 

23 

24  float  find_fnehes(sizes) 

25 

26  order_t  sizes; 

27 

28  { 

29  int  i,  j; 

30  char  match  «  0; 

31 

32  i  »  0; 

33  while  ((Imatch)  &&  <i  <  num_list))  C 

34  match  *  1; 

35  for  <j=0;  J<num_of_sizes;  j**)  { 

36  if  (sizeslj]  1=  listli] .sizeslj] ) 

37  match  ■  0; 

38  3 

39  ++i; 

40  } 

41 

42  if  (match) 

43  return( l ist[--ij. inches); 

44  else  { 

45  printfC'XnCOULDNT  FIND  »); 

46  for  (i=0;  i<num_of_sizes;  i++)  { 

47  if  (sizesti)  >  0) 

48  printfC'Xd  Xs  ",  sizesli],  order. ch_sizes[i] ); 

49  } 

50  printf("\nM); 

51  exit(0); 

52  ) 

53 

54 

55  3 

56 
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/* . 

--  SHeader:: 

..  .............. _ ........... _ .... _ ..... _ ..... _ _ _ ..* 


FILE  NAME  :  fives. c 

PROGRAMMER  :  Terri  A.  Smith 

DATE  WRITTEN  :  January  1991 

ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 
PURPOSE-  Recursive  procedure  to  gorup  units  in  fives. 


. V 

^include  <stdio.h> 

^include  <stdlib.h> 

#include  <string.h> 

#include  "cherdec.h" 

^include  "cherlcl.h" 

void  fives(set_s,  temp_secs,  num_temp_secs) 

order_t  set_s; 
section_t  *temp_secs; 
int  *num_temp_secs; 

< 

float  inches; 
int  j,  i,  k,  l,  m,  n; 
order_t  temp_order; 
float  holdjnchesl; 
float  hold_inches2; 
int  hold_temp_num; 

hold_temp_num  ■  *rium_temp_secs; 
hold_inches2  »  total_inches; 


for  (i=0;  i<num_of_sizes;  i++)  < 
for  (j=i+1;  j<num_of_sizes;  j++)  { 
for  (k=j+1;  k<num_of_sizes;  k++)  { 
for  (l*k+1;  l«num_of_sizes;  l+O  { 
for  (m»l+1;  m<num_of_sizes;  m*+)  { 

for  <n=0;  n<num_of_sizes;  n++) 
temp_order tn]  =  0; 

if  <<set_sCi]  ==  1)  &&  (set_s[j]  ==  1)  SS 
(set”s[k]  ==  1)  &&  (set_s[l]  «  1)  && 
(setjslm]  «  1)>  ( 
temp_orderli]  =  1; 
t«np_order[jJ  =  1; 
temp_order [k]  =  1; 
temp_order[l]  =  1; 
temp_order [m]  -  1; 

inches  =  combine_inches(temp_order); 
if  (inches  !=  (float)  0.0)  ( 

for  (n=0;  n<  num_of_sizes;  n++) 

ten*3_secst*num_temp_secs]  .sizesln]  =  0; 
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113 


totaljnches  =  total_inches  +  inches; 
temp_secst*num_temp_secs] . sizes [i]  =  1; 
tenp_secs [*num_temp_secs] .  sizes  [j]  =  1; 
temp_secs  [*nun_temp_secs]  .sizes  [k]  =  1; 
temp_secs [*num_temp_secs] .sizes [t]  =  1; 
temp_secs[*num_temp_secs]. sizes  Cm]  =  1; 
++*num_temp_secs; 

> 

temp_orderti]  =  0; 
temp_order[j]  *  0; 
temp_order £k]  *  0; 
tetnp_order[l]  =  0; 
temp_order [m]  «  0; 

for  <n=0;  n<num_of_sizes;  n++)  i 

if  ((n  I*  i)  &&  (n  I*  J)  &&  (n  I*  k)  && 

(n  t=  l)  &&  (n  l»  m)  &&  (set_s£n]  «  1»  i 
tenip_order[n]  =  1; 

} 

> 

holdjnchesl  =  totaljnches; 
ones(temp_order,  temp_secs,  num_temp_secs); 
checkjnches(temp_secs,  num_temp_secs); 

for  (n=0;  n<num_of_sizes;  n++)  { 

if  (<n  I*  i)~&&"(n  I*  j)  &&  (n  1=  k)  S& 

(n  l>  I)  U  (set_s[n]  •»  1))  { 
--*num_tefflp_secs; 

> 

> 


totaljnches  *  holdjnchesl; 
twos(temp_order,  temp_secs,  numjempjsecs); 

totaljnches  «=  hold_inches1; 
threes(temp_order,  tetnp_secs,  num_temp_secs); 

totaljnches  *  holdjnchesl; 
fours(te<np_orderf  te<np_secs,  numjemp_secs); 

total_inches  =  holdjnchesl; 
fives(temp_order,  temp_secs,  num_tcmp_secs); 

*num_terrp_secs  =  holdJemp_num; 
totaljnches  =  holdJnches2; 


Mi 


1  /* . 

2  --  SHeader: :  D:/cops/src/cherry/fours.c  January  1991 

3  . * 

4 

5  /* . 

6  -  FILE  NAME  :  fours. c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  •  ADDRESS  :  GTRI/CS1TL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  Recursive  procedure  to  group  units  in  fours 

12 

13 

14  . */ 

15  #include  <stdio.h> 

16  (Hinclude  <stdlib.h> 

17  ^include  <string.h> 

18  #include  "cherdec.h" 

19  #include  "cherlcl.h" 

20 

21  void  fours(set_s,  temp_secs,  num_temp_secs) 

22 

23  order_t  set_s; 

24  section_t  *temp_secs; 

25  int  *num_temp  secs; 

26  C 

27  float  inches; 

28  int  j,  i,  k,  l,  m; 

29  order_t  temp_order; 

30  float  holdjnchesl; 

31  float  hold_inches2; 

32  int  hold_temp_num; 

33 

34  hold_temp_num  =  *num_temp_secs; 

35  hold_inches2  *  total_inches; 

36 

37 

38  for  <i=0;  i<num_of_sizes;  i++)  < 

39  for  (J=i+1;  j<num_of_sizes;  J*+)  ( 

40  fcr  (k=j+1;  k<num_of_sizes;  k++)  i 

41  for  (l=k+1;  l<num_of_sizes;  1++)  { 

42 

43  for  (m=0;  m<num_of_sizes;  m++) 

44  temp_order Cm]  =  0; 

45 

46  if  (<set_s[i]  ==  1)  &&  (set_s[j]  ==  1)  && 

47  (setjsCk)  ==  1)  U  (set~sClJ  «  1)>  ( 

48  temp_order[i]  =  1; 

49  tenp_order[j]  =  1; 

50  temp_order [k]  =  1; 

51  temp_order[l]  =  1; 

52  inches  =  combine_inches(temp_order); 

53  if  (inches  !=  (float)  0.0)  { 

54  for  (m=0;  m<  num_of_sizes;  m++) 

55  temp_secs[*num_temp_secs) .sizes  Cm]  =  0; 

56  totaljnches  =  total_inches  +  inches; 

57  temp_secs[*num_temp_secs] .sizesCi]  =  1; 
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t«np_secs[*num_t«np_secs].sizes[j]  *  1; 
temp_secs t*num_t«np_secs]  .sizes Ik]  »  1; 
t«np_sec8l*mm_te(np_secs]  .sizes [l]  »  1; 
++*num_temp_secs; 

> 

t«np_orderH]  ■  0; 
temp_order[J3  «  0; 
twrp_order  [k3  =  0; 
temo_ordertl3  »  0; 

for  <m=0;  m<num_of_8izes;  nn-*->  ( 

if  ((m  I*  i)  &&  (m  I  *  j)  £4  (m  !«  k)  it 
(in  I*  l)  &&  (set_s[m3  ■*  1))  { 
temp_order[m]  ■  1; 

> 

> 

hold_inches1  ■  totaljnches; 
ones(temp_order,  t«np_sees,  nun_t«np_secs); 
check_inches(tefflp_secs,  mjm_t«np_secs>; 

for  (m=0;  m<num_of_sizes;  n*+)  ( 

if  ((m  l«  i)~it”(m  l«  j)  £4  (m  l«  k)  it 
<m  l«  l>  £4  (set_s[m3  =«  1>)  { 
••*num_temp_8ecs; 

> 

> 


totaljnches  «  hold_inches1; 
twos(teffip_order,  temp_secs,  nun_temp_secs>; 

totaljnches  «  holdjnchesl; 
threes(temp_order,  temp_secs,  numjefnp_secs) 

totaljnches  *  holdjnchcsl; 
fours<temp_order,  temp_secs,  num_temp_secs>; 

*nun_tefflp_secs  «  holdjefnpjwm; 
total_inches  ■  holdJnches2; 
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6  •  FILE  NAME  :  Getparm.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  •  OATE  WRITTEN  :  December  1990 

9  •  ADDRESS  :  GTRI/CSITL  Atlante  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  reed  in  the  parameter*  from  a  file 

12 

13 

14  . */ 


15  iinctude  <stdio.h> 

16  iinctude  <stdlib.h> 

17  iinctude  <string.h> 

18  iinctude  "cherd*c.hM 

19  iinctude  "cherlcl.h" 

20 

21  int  8et_parameters(ou_units,  max_ply,  max_aizes) 

22 

23  int  *ou_units; 

24  int  *max_ply; 

25  int  *max  sizes; 

26 

27  < 

28  int  i,  J; 

29  FILE  *f p  «  NULL; 

30  int  quantity; 

31  int  m; 

32  float  temp; 

33 

34  if  ((fp  «fopen(» INPUT",  "r"»  »■  NULL)  C 

35  printf ("Cannot  open  input  file  *  setparm.c"); 

36  exit(0); 

37  ) 

38 

39 

40  /*  set  order  and  list  values  to  -1  V 

41  for  (i  »  0;  i  <  MAX_S!ZES;  i++)  < 

42  order. number [i]  «  0; 

43  order.  ch_sizes(i  HO]  *  0; 

44  > 

45 

46  for  (i*0;  i<MAX_LIST;  i++)  ( 

47  tistti)  .inches  *  (float)  0.0; 

48 

49  for  (j  *  0;  j  <  HAXJIZES;  j++) 

50  listtil.sizesCj]  ■  0; 

51  > 

52 

53  /*  Input  Units  */ 

54  fscanf(fp,"%d",  ou_units); 

55  fscanftfp/'Xd",  max _pty); 

56  fscanf(fp,"Xd",  max_sizes); 

57 
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58 

59  /*  Input  Order  */ 

60  for  (i  ■  0;  i  <  MAX_SIZES;  i++)  i 

61  fscanf(fp,"Xhd",  Sorder.  number  til); 

62  If  (order. number [ij  *■  -1)  { 

63  order. number [I ]  *  0; 

64  break; 

65  } 

66 

67  fscanf(fp,"Xs",  order. ch_sizes[i] ); 

68  > 

69 

70  num_of_a1zes  *  i; 

71 

72 

73  /*  Input  List  */ 

74  i=0; 

75  while(l)  ( 

76 

77  fscanf(fp,"Xd",  iquantity); 

78 

79  if  (quantity  ■»  -2) 

80  break; 

81 

82  while  (quantity  !«  -1)  { 

83 

84  fscanf(fp,"Xd»,  Sm); 

85 

86  if  (m  >■  num_of_sizes)  < 

87  printfO'ERROR  in  reading  size  variable  -  getparm.c") 

88  exit(0); 

89  } 

90 

91  list  til  .sizeslm.1  *  quantity; 

92 

93  fscanf(fp,"3£d",  ^quantity); 

94  > 

95 

96  fscanf(fpJ"Xf",  ilistti] .inches); 

97 

98  ++i; 

99  > 

100 

101  fclose(fp); 

102 

103  return! i); 

104  ) 
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1  /* . 

2  --  SHeader::  D:/cops/src/cherry/gtobals.h  January  1991 

3  . * 

4 

5  /* . 

6  •  FILE  NAME  :  Gtobals.h 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  declare  all  global  variables 

12 

13 

14  . */ 

15  fHinclude  .<stdio.h> 

16  #include  "cherdec.h" 

17  #include  "cherlcl.h" 

18 

19  ord_var_t  order; 

20 

21  l ist_t  *list  *  NULL; 

22 

23  int  num_of_sizes; 

24 

25  int  num_list; 

26 

27  order_t  temp_order; 

28 

29  section_t  ‘sections  *  NULL; 

30 

31  int  num_sections; 

32 

33  float  totaljnches  «  (float)  0.0; 

34 

35  float  prevjnch  «  (float)  9999.0; 

36 

37  int  num_hold_secs; 

38 

39  section_t  *hold_secs; 

40 

41  int  ply_height; 
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1  INCLUDES  =  cherdec.h  chertcl.h 

2  LIBNAME  =  chert ib 

3 

4 

5  OBJS  «  \ 

6  gtobals.obj  \ 

7  getparm.obj  \ 

8  ffndinch.obj  \ 

9  combine.obj  \ 

10  ones.obj  \ 

11  chktnch.obj  \ 

12  cphold.obj  \ 

13  ctrtemp.obj  \ 

14  twos.obj  \ 

15  threes.obj  \ 

16  fours. obj  \ 

17  fives. obj  \ 

18  sixes. obj 

19 

20 

21  .c.obj: 

22  $(CC) 

23  SCL IB) 

24 

25  gtobals.obj  :  gtobals.c  INCLUDES) 

26 

27  getparm.obj  :  getparm.c  S( INCLUDES) 

28 

29  findinch.obj  :  findinch.c  S(INCLUDES) 

30 

31  combine.obj  :  combine. c  S(INCLUOES) 

32 

33  ones.obj  :  ones.c  S( INCLUDES) 

34 

35  twos.obj  :  twos.c  $( INCLUDES) 

36 

37  threes.obj  :  threes. c  S<  INCLUDES) 

38 

39  fours. obj  :  fours. c  S( INCLUDES) 

40 

41  fives. obj  :  fives. c  S(INCLUDES) 

42 

43  sixes. obj  :  sixes. c  $( INCLUDES) 

44 

45  chkinch.twj  s  chkinch.c  S( INCLUDES) 

46 

47  cphold.obj  :  cphold.c  $( INCLUDES) 

48 

49  clrtemp.obj  :  clrtemp.c  S( INCLUDES) 

50 

51  cherry. obj  :  cherry.;  S( INCLUDES) 

52 

53  cherry.exe  :  cher.y.obj  $(OBJS) 

54  cl  cherry  /link  cherlib.lib 

55 

56 

57  $(B)\cherry.exe  :  cherry.exe 
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S(CP> 

$(I)\cherdec.h 

S(CP) 


cherdec.h 
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1  /* . 

2  --  SHeader::  D:/cops/src/cherry/ones.c  January  1991 

3  . * 

4 

5  /* . 

6  -  FILE  NAME  :  Ones.c 

7  •  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  -  ADDRESS  :  GTRI/CSITL  Attanta  GA  30332  (404)  894-8952 
10 

11  -  PURPOSE-  Groups  units  in  ones  and  find  inches 

12 

13 

14  -  MODIFICATION  HISTORY- 

15 

16  . V 

17  #include  <stdio.h> 

18  #include  <stdlib.h> 

19  ^include  <string.h> 

20  #include  "cherdec.h" 

21  ^include  "cherlcl.h" 

22 

23  void  ones(set_s,  temp_secs,  num_temp<.secs> 

24 

25  order_t  set_s; 

26  section_t  *temp_sees; 

27  int  *num_temp_secs; 

28  ( 

29  float  inches; 

30  int  j,  i,  m; 

31 

32  j  *  *num_temp_secs; 

33 

34  for  (i=0;  i<num_of_sizes;  i++)  { 

35  if  (set_s[i]"«"l)  ( 

36 

37  for  (m=>0;  m<num_of_sizes;  m**) 

38  temp_secs[j) .sizes tm]  *  0; 

39 

40  temp_secs(jj .sizesti]  =  1; 

41  inches  =  find_inches(temp_secs[j) .sizes); 

42  if  (inches  I*  (float)  0.0)  { 

43  total_inches  =  totaMnches  ♦  inches; 

44  -f+j;  ~ 

45  > 

46  else 

47  temp_secs[j]  .sizes(i)  =  0; 

48  > 

49  > 

50 

51  *num_temp_secs  «  j; 

52 

53  ) 

54 
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1  /* . 

2  -•  SHeader::  D:/cops/src/cherry/sixes.c  January  1991 

3  . * 

4 

5  /* . 

6  -  FILE  NAME  :  sixes. c 

7  *  PROGRAMMER  ;  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  January  1991 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  Recursive  procedure  to  group  units  in  sixes. 

12 

13  . */ 

14  #include  <stdio.h> 

15  Hfinclude  <stdlib.h> 

16  #include  <string.h> 

17  ^include  "cherdec.h" 

18  ^include  "cherlcl.h" 

19 

20  void  sixes(set_s,  temp_secs,  num_temp_secs) 

21 

22  order_t  set_s; 

23  section_t  *temp_secs; 

24  int  *num_temp_secs; 

25  { 

26  float  inches; 

27  int  J,  i,  k,  l,  m,  n,  o; 

28  order_t  temp_order; 

29  float  holdjnchesl; 

30  float  hold_inches2; 

31  int  hold_temp_num; 

32 

33  hold_temp_nun  «  *num_temp_secs; 

34  hold_inches2  «  totaljnches; 

35 

36 

37  for  (i=0;  i<num_of_sizes;  i**)  { 

38  for  (j=i*1;  j<nun_of_sizes;  j*+)  C 

39  for  (k=J+1;  k<num_of_sizes;  k++)  { 

40  for  (l=k+1;  l<mn_of_sizes;  1++)  { 

41  for  (m=l+1;  m<num_of_sizes;  rr*+)  { 

42  for  (n=n*1;  n<num_of_sizes;  n*+)  { 

43 

44  for  (o=0;  o<num_of_sizes;  o++) 

45  temp_order to]  ■  0; 

46 

47  if  ((set_s[i]  ==  1)  &&  (set_s[j)  ==  1)  && 

48  (set_s(k]  ==  1)  &&  (set_s[l)  ==  1)  && 

49  (set_s(m)  ==  1)  &&  (set_s(n)  ==  1))  € 

50  temp_orderliJ  =  1; 

51  temp_order[j]  =  1; 

52  temp_order (k]  =  1; 

53  temp_order[ll  =  1; 

54  temp_order Cm]  =  1; 

55  temp_order[n]  =  1; 

56  inches  =  combine_inches(temp_order); 

57  if  (inches  1=  (float)  0.0)  i 
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110 
111 
112 

113 

114 


for  (o=0;  o<  riun_of_sizes;  o++) 

t^_secs£*nuni_temp_secs3  .sizes  [o]  =  0; 
totat_inches  =  total_inches  +  inches; 
temp_secs[*nun_temp_secs3  .sizes  ti]  =  1; 
temp_secsE*nuro_tefnp_secs3  .sizes[j3  =  1; 
temp_secs£*num_temp_secs3.sizes[k3  =  1; 
temp_secsE*num_temp_secs3  .sizesEl]  =  1; 
tefflp_secs£*num_temp_secs] .sizesEm]  *  1; 
temp_secs£*num_temp_secs3 .sizesEn]  =  1; 

++*num_t emp_secs ; 

> 

temp_order[i3  =  0; 
temp_order[j3  =  0; 
temp_order [kj  *  0; 
temp_order[l3  =  0; 
temp_order  [m3  =  0; 
temp_order  [n3  =  0; 

for  (o«0;  o<num_of_sizes;  o++)  < 

if  ((o  I*  i )”&&"( o  1=  j>  &&  (o  1=  k)  && 

(o  !=  I)  &&  <o  !=  m>  &&  <o  !=  n)  &&  (set_sto3  =*  1))  ( 
temp_order[o3  *  1; 

> 

> 

hotd_inches1  =  total_inches; 

ones< temp_order,  temp_secs,  num_temp_secs); 

check_inehes(temp_secs,  nun_temp_secs); 

for  (o=0;  o<num_of_8izes;  o++)  { 

if  ((o  !«  i)""ii~(o  1=  j)  &&  (o  !=  k)  U 

(o  l«  t)  &&  (o  !=n>  it  (set_s(o]  =*  1>>  { 
••*num_temp_sec8; 

} 

> 


total_inches  =  hold_inches1; 
twos(temp_order,  temp_secs,  mm_temp_secs); 

total_inches  =  hotdjnchesl; 
threes(temp_order,  temp_secs,  num_temp_secs); 

totaMnches  =  hold_inches1; 
fours(temp_order,  temp_secs,  num_temp_secs>; 

total_inches  =  hold_inches1; 
fives(temp_order,  temp_secs,  num_temp_secs>; 

total_inches  =  hold_inches1; 
sixes(temp_order,  temp_secs,  num_temp_secs); 

*num_temp_secs  =  hold_temp_num; 
total_inches  =  hold_inches2; 

> 

} 
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/* . 

--  SHeader::  D:/cops/src/cherry/threes.c  January  1991 
. . . V 


FILE  NAME  :  Threes. c 

PROGRAMMER  :  Terri  A.  Smith 

DATE  WRITTEN  :  January  1991 

ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  <404)  894-8952 
PURPOSE-  Recursive  procedure  to  group  units  in  threes 


. V 

#include  <stdio.h> 

Hfinclude  <stdlib.h> 

^include  <string.h> 

#include  "cherdec.h" 

#include  "cherlcl.h" 

void  threes(set_s,  temp_sees(  num_temp_secs) 

order_t  set_s; 
section_t  *temp_secs{ 
int  *num_temp_secs; 

< 

float  inches; 
int  j,  i,  k,  l; 
order_t  temp_order; 
float  hold_inches1; 
float  hold_inches2; 
int  hold_temp_num; 

hold_temp_num  ■  *nur_temp_secs; 
hold_inches2  ■  totaMnches; 

for  <i=0;  i<num_of_sizes;  i++)  { 
for  <j=i*1;  j<num_of_sizes;  ]♦+>  { 
for  (kaj+1;  k<num_of_sizes;  k*+)  { 

for  <1=0;  l<num_of_sizes;  l+O 
temp_order[l]  «  0; 

if  <<set_sli]  ==  1)  &&  <set_s[jj  ==  1>  &&  <set_s[k]  »«  1))  { 
temp_order<i]  =  1; 
temp_order<J)  =  1; 
temp_order <k]  =  1; 

inches  =  combine_inches<temp_order); 
if  finches  1=  (float)  0.0)  ( 
for  <1=0;  l<  num_of_sizes;  l*+) 

temp_secs[*num_temp_secs] .sizestl)  =  0; 
total_inches  =  totaMnches  ♦  inches; 
temp_secs[*num_tenip_secs]  .sizes  [i)  =  1; 
temp_secs<*num_temp_secs] .sizes [j]  =  1; 
temp_secs[*nun_temp_secs]  .sizes  Ck]  =  1; 
++*num_temp_secs; 

) 
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81 
82 
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91 

92 

93 

94 

95 

96 

97 

98 

99 
100 

101  > 
102 


temp_order[i]  *  0; 
temp_order[J]  *  0; 
temp_ordertk]  *  0; 

for  (1*0;  l<nun_of_sizes;  1++)  ( 

If  «l  I*  if«fa  I*  j>  &&  (l  I*  k)  &&  (8et_s[l]  **  1»  ( 
temp_ordertl]  ■  1; 

> 

> 

hold_inches1  *  totaMnches; 
ones(tefflp_order,  temp_sec8,  num_teiiip_sec8); 
check_1nches(t«np_8ecsl  num_t«tp_8ec8); 

for  (1*0;  l<num_of_8izes;  C 

if  ((I  I*  i )~U~( l  1*  J>  U  (l  i*  k)  U  (set_s [13  *«  1)}  { 
-**nun_tefnp_sec8; 

> 

> 


totaMnches  *  hold_inches1; 
twos(temp_order,  temp_secs,  num_te<np_8ec8); 


total_inches  *  hold_inches1; 

for  (1*0;  l<nun_of_8izes;  l+O  ( 
if  ((l  I*  i)  it  (T  I*  j)  U  (l  I*  k>  M  (set.stl]  -*  1))  ( 

--*nuti_£wnp_8ec8; 

) 

} 

totaljnches  *  holdjnchesl; 
threes(t«np_order,  temp_secs,  mm_te*np_secs); 

*num_tefflp_8ecs  «  hold_temp_num; 
total_inches  *  hold_inches2; 

> 

) 

) 
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--  $Header::  D:/cops/src/cherry/twos.c  January  1991 

..  - • 


FILE  NAME  :  Tuos.c 

PROGRAMMER  :  Terri  A.  Smith 

DATE  URITTEN  :  January  1991 

ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 
PURPOSE-  Recursive  procedure  to  group  units  in  twos 


. V 

#include  <stdio.h> 

#include  <stdlib.h> 

^include  <string.h> 

Sinclude  "cherdec.h" 

^include  "cherlcl.h" 

void  twos(set_s,  temp_secs,  num_tefflp_secs) 

order_t  set_s; 
section_t  *temp_secs; 
int  *num_temp_secs; 

< 

float  inches; 
int  j,  i,  k,  m; 
order_t  te*np_order; 
float  hold_inches1; 
float  hold_inches2; 
int  hold_temp_num; 

hold_temp_nun  ■  *num_tefnp_secs; 
hold_inches2  «  total_inches; 


for  (i=0;  i<num_of_sizes;  i+*)  { 
for  (j»i+1;  j<num_of_sizes;  j+*)  { 

for  (k=0;  k<num_of_sizes;  k++) 
temp  order (kj  *  C; 

if  <(set_s(i]  **  1)  &&  (set_slj)  ”  1)>  { 
temp_orderti)  «  1; 
temp_order[j)  =  1; 

inches  =  combine_inches(twnp_order); 
if  (inches  1=  (float)  0.0)  { 
for(ms0;  m<num_of_sizes;  m**) 

te<np_secsl*num_temp_seesj  .sizes  [mj  =  0; 
total_inches  =  total_inches  ♦  inches; 
temp_secs(*nim_temp_secs) .sizesli)  *  1; 
tewp_secs[*nui!_temp_secs3 .  sizes  [j)  =  1; 
++*nun_temp_secs; 

/*  printfC  WITH  TOTAL  =  Xd\n»,  totaljnches);  V 

) 

temp^rdei'i]  =  0; 
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temp_order[j]  *  0; 

for  (k=0;  k<nura_of_8izes;  k++)  C 

if  «k  I*  i)  &&  (k  !«  j>  &&  <set_s[k]  **  1»  i 
t«np_order[k]  «  1; 

> 

> 

holdjnchesl  «  totaljnches; 
ones(t«np_order,  tenp_sec«,  nun_temp_8ec8>; 
check_inches(temp_secs,  nun_temp_8ecs); 

for  (k=0;  k<nun_of_sizes;  k*+)  { 

if  «k  !»  i)  &&  (k  !*  j>  t&  (set_stk]  «  1»  { 
- -*num_temp_sec8 ; 

> 

> 


total_inches  *  hold_inches1; 
twos(temp_order,  tefflp_secs,  num_t«np_secs); 
*num_temp_secs  «  hotd_temp_nim; 
total_inches  «  hold_inches2; 

) 

> 

> 
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Improvement  Algorithm  Source  Code 
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1  /* . 

2  -*  SHeader: :  D:/cops/src/improv/case_ai.c  February  1991 

3  . - . * 

4 

5  /* . 

6  •  FILE  NAME  :  case_ai.c 

7  -  PROGRAMMER  :  Terr?  A.  Smith 

8  -  DATE  WRITTEN  s  February  1991 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  determine  savings  if  sizes  in  two  sections  are 

12  -  the  same 

13 

14 

15  . */ 


16  ^include  <stdio.h> 

17  ^include  <stdlib.h> 

18  ^include  "impdec.h" 

19  Hfinclude  "implcl.h" 

20 

21  float  case_ai(sect1,  portion,  cut_eost) 

22 

23  seetion_t  ‘sectl; 

24  section_t  ‘portion; 

25  int  cut_cost; 

26 

27  { 

28  int  i; 

29  int  e  *  0; 

3l  float  savings; 

31 

32  for  (1=0;  i<  num_of_sizes;  i++)  { 

33  e  *  f*  (order. perimeter (ij  *  sectl ->si zes  [i] ); 

34  e  *  e  ♦  (order. perimeter(i)  *  portion->sizesti) >; 

35  > 

36 

37  savings  =  (Float)  cut_cost  *  e; 

38 

39  return(savings); 

40 


41  > 

42 


— 

i 

/* . 

1 

2 

—  (Header: :  D:/cops/src/improv/case_»ii.c  February  1991 

1 

3 

. V 

4 

■ 

5 

/* . 

1 

6 

•  FILE  NAME  :  case.aii.c 

■ 

7 

-  PROGRAMMER  :  Terri  A.  Smith 

8 

-  DATE  WRITTEN  :  February  1991 

■ 

9 

-  ADDRESS  :  GTRI/CSITl  Atlanta  GA  30332  (404)  894-8952 

1 

10 

VI 

11 

-  PURPOSE-  To  determine  saving*  by  lying  sizes  next  to  each 

12 

-  other  instead  of  on  top. 

■ 

13 

1 

14 

15 

. V 

16 

Hfinclude  <stdio.h> 

1 

17 

^include  <stdtib.h> 

1 

18 

#include  "impdec.h" 

19 

^include  "implcl.h" 

■ 

20 

1 

21 

float  case_aii(i,  l,  unit_cost) 

■ 

22 

23 

int  i; 

■ 

24 

int  l; 

I 

25 

int  unit_cost; 

w 

26 

27 

| 

28 

float  savings  «  (float)  0.0; 

1 

29 

float  sect1_inch; 

30 

float  sect2_inch; 

am 

31 

float  sect3_ineh; 

I 

32 

float  sect4_inch; 

1 

33 

34 

sect1_inch  *  f ind_inches(in_sectionti) .sizes); 

B 

35 

sect2_inch  ■  find_inches(in_section[l). sizes); 

I 

36 

sect3_inch  *  find_inches(sect3. sizes); 

■I 

37 

sect4_inch  «  find_inches(sect4. sizes); 

38 

| 

39 

savings  =  unit_cost  *  in_sectionti).ply_height  *-  (sectl^inch  ♦  sect2_inch  - 

1 

40 

sect3_inch  -  sect4_inch); 

41 

42 

return(savings); 

1 

43 

1 

44 

) 

1 

1 

| 

45 

1 

1 

1 
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1  /* . 

2  --  SHeader::  D:/cops/src/improv/combply.c  February  1990 

3  . */ 

4 

5  /* . 

6  -  FILE  NAME  :  Combply.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  OATE  WRITTEN  :  April  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-89S2 

10 

11  ■  PURPOSE-  This  procedure  combines  sections  which  havn  the  same  sizes 

12  -  and  the  ply  heighth  of  the  new  section  does  not  excede  the  maxjaly 

13 

14 

15  . */ 

16  #include  <stdio.h> 

17  #include  <malloc.h> 

18  ^include  <stdlib.h> 

19  HMnclude  <memory.h> 

20  #include  ''impdec.h" 

21  #include  "implcl.h" 

22 

23  void  combi ne_ply(max_ply) 

24  int  max_ply; 

25 

26  C 

27 

28  int  i.j.l.k; 

29  char  match; 

30 

31 

32  for  (i=0;  i<num_in_sec;  i++)  < 

33  for  <J«i*1;  j<num_in_sec;  j*+)  { 

34  match  *  1; 

35  for  (k=0;  k<num_of_sizes;  k**)  < 

36  if  (in_section[iJ .sizestk]  I*  in_section[j] .sizeslk] ) 

37  match  *  0; 

38  > 

39  if  ((match)  && 

40  ((in_section[i) .plyjieight  ♦  in_section[j) .ply_height)  <=  max_ply)>  ( 

41  in_section[i] .ply_height  *  in_section[i) ,ply_height  ♦  in_section[j) .ply_height; 

42  for  (l=j;  l<num_in_sec- !;  1++) 

43  memcpy(&in_section[l'l,  &in_section[l+1) ,  sizeof(section_t>); 

44  --j; 

45  --num_in_sec; 

46  ) 

47  > 

48  > 

49 

50  num_temp_sec  =  num_in_sec; 

51 

52  return; 

53  > 
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/* . 

-*  SHeader::  D:/cops/src/improv/combsize.c  February  1990 

. */ 


I* . 

•  FILE  NAME  :  Combsize.c 

-  PROGRAMMER  :  Terri  A.  Smith 

•  DATE  WRITTEN  :  April  1990 

•  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

•  PURPOSE-  This  procedure  combines  all  sections  in  which  the 

-  the  number  of  sizes  in  the  new  section  does  not  excede 

-  the  max_sizes  allowed  per  section 


. V 

#include  <stdio.h> 

#include  <malloc.h> 

#include  <stdlib.h> 

#include  <memory.h> 

(Finclude  "impdec.h" 

^include  "implcl.h" 


void  combine_sizes(max_sizes) 
int  max_sizes; 


int  num  units; 
int  i,  j,  l; 


for  (i»0;  i<num_in_sec;  i*+)  { 
for  (j=i*1;  j<num_in_sec;  j*+)  { 
nun_units  ■  0; 

for  <1=0;  l<num_of_sizes;  l+*> 

num_units  *  nun_units  ♦  in_sectionli] .sizesllj  ♦ 
in_sect  iontjj  .sizesll]; 


if  (<num_units  <=  max_sizes)  && 

(in_sectionli] .ply_height  ==  in_sectiontj] .ply_height>)  { 
for  (1=0;  l<num_of_sizes;  t*+> 

in_sectionli] .sizesll)  =  in_sectionli) .sizesll]  + 
in_sectionlj) .sizesll]; 


for  (l=j;  l<num_in_sec-1; 
memcpy(&in_sectionll]. 


1+*) 

&in_sectionll+1] , 


sizeof(section_t>) 


**J; 

*-num_in_sec; 

> 

> 

) 

num_temp_sec  =  num_in_sec; 
return; 
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1  /* . 

2  -*  (Header::  D:/cops/src/improv/compswap.c  February  1991 

3  . V 

4 

5  /* . 

6  •  FILE  NAME  :  compswap.c 

7  •  PROGRAMMER  :  Terri  A.  Smith 

8  *  DATE  WRITTEN  :  February  1991 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  determine  which  method  to  ue  to  compute 

12  -  the  savings 

13 

14  . */ 

15  ^include  <stdio.h> 

16  ^include  <stdlib.h> 

17  #include  "impdec.h" 

18  ^include  "implcl.h" 


19 

20  float  compute_swap_savings(i,  l,  cut_cost,  unit_cost,  max_sizes) 

21 

22  int  i; 

23  int  l; 

24  int  cut_cost; 

25  int  unit_cost; 

26  int  max_sizes; 

27 

28  ( 

29  float  savings; 

30 

31  if  <in_section[i].ply_height  »*  infection  II] .ply_height>  ( 

32  savings  *  case_aii(i,  l,  unit_cost>; 

33  temp_save.type*  3; 

34  temp_save.cand_ply_height  ■  in_section[U  .plyjieight; 

35  temp_save.org_ply_height  «  in_section[i] .plyjieight; 

36  > 

37 

38  else  ( 

39  temp_save.cand_ply_height  =  in_section[l). plyjieight; 

40  temp_save.org_ply_height  *  in_section[i) .ply_height; 

41  savings  *  case_aii(i,  l,  unit_cost); 

42  temp_save.type=  4; 

43  ) 

44 

45  temp_save. savings  »  savings; 

46 

47  return(savings); 

48 

49  > 

50 
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1  /  - - - 

2  ■■  SHeader: :  D:/cops/src/improv/compute.c  February  1991 

3  . V 

4 

5  /* . 

6  -  FILE  NAME  :  compute. c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  February  1991 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  •  PURPOSE-  To  determine  which  method  to  ue  to  compute 

12  -  the  savings 

13 

14  . */ 

15  #include  <std1o.h> 

16  #include  <stdl1b.h> 

17  ^include  "Impdec.h" 

18  ^include  "implcl.h" 

19 

20  float  compute_savings(i,  l,  cut_cost,  unit_cost,  max_8<zes) 

21 

22  int  1; 

23  Int  l; 

24  Int  cut_cost; 

25  Int  unit_cost; 

26  int  max_sizes; 

27 

28  ( 

29  Int  j; 

30  float  savings  *  (float)  0.0; 

31  float  save2; 

32  char  match  *  1; 

33  int  numjjnits  *  0; 

34 

35  for  ( j=0;  J<num_of_sizes;  J++)  ( 

36  if  (portion. sizes!]]  I*  in_sectiontl) .sizes CJ) > 

37  match  «  0; 

38  num_units  *  num_units  +  sect4.sizcslj); 

39  > 

40 

41 

42  if  (match)  {  /*  sizes  in  sections  are  the  same  */ 

43  if  (num_units  <=  max_sizes)  { 

44  save2  =  case_aii(i,  l,  unit^cost); 

45 

46  if  (save2  >  savings)  ( 

47  temp_save.type=  2; 

48  savings  =  save2; 

49  if  (in_section(i] .ply_height  1=  in_section[lJ .ply_height) 

50  temp_save.cand_ply_height  =  in_section[l).ply_height; 

51  else  tefnp_save.cand_plyj>eight  »  in_section[i)  .ply_height; 

52  temp_save.org_ply_height  =  in_section[i] .ply_height; 

53  > 

54  ) 

55  ) 

56 

57  else  if  ((in_sectionli) .ply.height  ==  in_section(l] .ply_height)  &&  <num_units  <=  max_sizes))  ( 
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58  savings  =  case_aii(i,  l,  unit_cost); 

59  temp_save.type=  3; 

60  temp_save.cand_ply_height  =  in_sectionti] .plyjieight; 

61  temp_save.org_ply_height  =  in_section[i] .plyjieight; 

62  > 

63 

64  else  if  <num_units  <»  max_sizes)  { 

65  if  (in_section£iJ .ply_height  !=  in_seetiontl] .ply_height) 

66  te<np_save.cand_ply_height  ■  in_section[lJ  .plyjieight; 

67  else  temp_save.cand_plyjieight  =  in_seetion[i]  .plyjieight; 

68  temp_save.org_plyJieight  ■  in_sectiontiJ .ply_height; 

69 

70  savings  *  case_aii(i,  l,  unit_cost>; 

71  temp_save.type=  4; 

72  > 

73 

74  tefnp_seve.  savings  =  savings; 

75 

76  return(savings); 

77 

78  ) 

79 
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1 

2 

/* . 

-*  (Header::  D:/cops/src/improv/findinch.c 

February  1991 

**  / 

4 

D 

6 

-  FILE  NAME  :  Findinch.c 

7 

-  PROGRAMMER  :  Terrf  A.  Smith 

8 

-  DATE  WRITTEN  :  February  1991 

9 

-  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332 

(404)  894-8952 

10 

11 

-  PURPOSE-  To  determine  the  number  of  Inches 

in  a  section  based 

12 

•  on  the  input  list  Is 

13 

14 

ID 

*  / 

16 

#include  <stdio.h> 

17 

^include  <stdlib.h> 

18 

^include  <string.h> 

19 

Hfinclude  "impdec.h" 

20 

^include  "implcl.h" 

21 

22 

float  f ind_inches(sizes) 

23 

24 

orderj:  sizes; 

25 

26 

C 

27 

int  i,  J; 

28 

char  match  *  0; 

29 

char  empty  *  0; 

30 

31 

i  *  0; 

32 

while  ((Imatch)  M  (i  <  num_list))  { 

33 

empty  *  1; 

34 

match  »  1; 

35 

for  (j=0;  j<num_of_sizes;  j++)  { 

36 

if  (sizes Cj]  Is  listU).sizes(J)) 

37 

match  o  0; 

38 

if  (sizeslj]  1*  0) 

39 

empty  =  0; 

40 

) 

41 

42 

> 

43 

44 

if  (empty) 

45 

return(( float)  0.0); 

46 

47 

if  (match) 

48 

return(listC--i) .inches); 

49 

else  {  • 

50 

printfC  COULONT  FIND  »); 

51 

for  (i=0;  i<nun_of_sizes;  i++)  { 

52 

if  (sizesli)  >  0) 

53 

printfC'Xd  Xs  ",  sizesli),  order.ch_sizes[i) ); 

54 

> 

55 

printf("\n"); 

56 

exit(0); 

57 

> 

, 
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58  ) 

59 


D67 


6  -  FILE  NAME  :  Getparm.c 

7  -  PROGRAMMER  s  Terri  A.  Smith 

8  *  DATE  WRITTEN  :  February  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  read  the  input  parameters  from  a  file 

12 

13 

14  . . . . 


15  #include  <stdio.h> 

16  iKinclude  <stdlib-h> 

17  ^include  <string,h> 

18  iHinclude  <malloc.h> 

19  #include  "impdec.h" 

20  ^include  "implcl.h" 

21 

22  int  get_parameters(ou_units,  maxjsly,  max_sizes, 

23  cut_cost,  unit_cost,  old_ou_units) 

24 

25  int  *ou_units; 

26  int  *max_ply; 

27  int  *max_sizes; 

28  int  *cut_cost; 

29  int  *unit_cost; 

30  int  *old_ou_units; 

31 

32  < 

33  int  i,  j; 

34  FILE  *fp  *  NULL; 

35  int  quantity; 

36  int  m; 

37 

38  if  <<fp  “fopenCINPUT",  ''r''))  **  NULL)  i 

39  printf ("Cannot  open  input  file  -  getparm.c"); 

40  exit(0); 

41  ) 

42 

43  /*  set  order  and  list  values  to  -1  */ 

44  for  <i  *  0;  i  <  MAX_SIZES;  i++)  < 

45  order. number [ij  *  0; 

46  order. ch_sizes[i H03  *0; 

47  order.perimeterti]  =  0; 

48  > 

49 

50  for  <i=0;  i<MAX_LIST;  i++)  t 

51  listli) .inches  =  (float)  0.0; 

52 

53  for  (j  =  0;  j  <  MAX_SIZES;  j++) 

54  listli).  sizestj]  =  0; 

55  > 

56 

57 
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58  fsc8nf(fp,"Xd",  ou_units); 

59  fscanf(fp,"Xd",  max_ply>; 

60  fscanf(fp,"Xd",  max_sizes); 

61  fscanf(fp,"Xd",  cut_cost); 

62  fscanf(fp>"%d"#  unit  cost); 

63 

64 

65  /*  Input  Order  */ 

66  for  (i  *  0;  i  <  MAX_SIZES;  i-r>)  { 

67  fscanf(fp,"%d",  torder. number [i] ); 

68  if  (order. number [i]  «=  -1)  { 

69  order. number [i]  »=  0; 

70  break; 

71  ) 

72 

73  fscanf(fp,"%d",  Sorder. perimeter [i] ); 

74  fscanf(fp,"%s",  order. ch  sizes Ci] >; 

75  ) 

76 

77  nun_of_sizes  *  i; 

78 

79  fscanf(fp,"Xd",  tnum  in  sec); 

80 

81  if  ((in_section  ■  (section_t  *)malloc(num_in_see  *  sizeof(section_t)))  **  NULL)  { 

82  pr i nt f ( "AL LOCAT I ON  ERROR  *  SECTIONS  getparm.c\n»); 

83  exit(0); 

84  ) 

85 

86  for  (i=0;  i<num_in_sec;  i++)  < 

87  in_section[i) .plyjieight  ■  0; 

88  for  (m=0;  m<num_of_sizes;  n*+)  {. 

89  in  sect  ionti)  .sizes  On]  ■  0; 

90  > 

91  > 

92 

93  i  ■  0; 

94  /*  Input  Sections  */ 

95  uhile(i  <  num_in_sec)  < 

96 

97  fscanfdp/'Xd",  ^quantity); 

98 

99  while  (quantity  I*  *1)  ( 

100 

101  fscanf(fp,''Xd",  &m); 

102 

103  if  (m  >=  num_of_sfzes)  { 

104  printf('‘ERR0R  in  reading  size  variable  *  getparm.c**); 

105  exit(0); 

106  > 

107 

108  in_sectionti].sizes[m]  =  quantity; 

109 

11C  fscanf(fp,“Xd",  ^quantity); 

111  ) 

112  fscanf(fp,  ''Xd1',  Sin  section(i). ply  height); 

113 

114  ++i; 
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115  ) 

116 

117  fscanf(fp,"%d",  old_ou_units); 

118 

119 

120  /*  Input  List  */ 

121  i=0; 

122  while(l)  < 

123 

124  fscanf(fp,"Xd",  ^quantity); 

125 

126  if  (quantity  **  -2) 

127  break; 

128 

129  while  (quantity  1=  -1)  ( 

130 

131  fscanf(fp,"%d",  &m); 

132 

133  if  (m  >*  m*n_of_sizes)  { 

134  printfCERROR  in  reading  size  variable  •  getparm.c") 

135  exit(0); 

136  ) 

137 

138  listti] .sizestm]  =  quantity; 

139 

140  fscanf(fp,''5ld",  Jquantity); 

141  ) 

142 

143  fscanf(fp,"Xf",  &list[i] .inches); 

144 

145  ++i; 

146  ) 

147 

148  fclose(fp); 

149 

150  .  return(i); 

151  ) 

152 
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21 
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FILE  NAME  :  Globals.h 

PROGRAMMER  :  Terri  A.  Smith 

DATE  WRITTEN  :  February  1991 

ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 


PURPOSE-  To  declare  all  global  variables 


. */ 

^include  <stdio.h 
^include  "impdec.ir1 
^include  "implcl.h" 

ord_var_t  order; 

Ust_t  ‘list  »  NULL; 

int  num_of_sizes; 

int  num_Ust; 

section_t  *in_section  *  NULL; 

int  num_in_sec; 

int  > um_temp_sec; 

section_t  sect3; 

section_t  sect4; 

section_t  portion; 

savings_t  temp_save; 


savings_t  save, 


1 
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3  . 

4 

5  /* . 

6  •  FILE  NAME  :  lmpdec.h 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  February  1990 

9  *  ADDRESS  :  GTRI/CSITl  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  To  define  all  structures  and  procedures 

12 

13 

14  . V 

15  #ifndef  IMPDECJI 

16  #def ine  IMPDECJI 

17 

18  ifdefine  MAXJ.JST  1000 

19  Hldeflne  MAXJ1ZES  25 

20  #define  MAX.SAVINGS  400 

21 
22 

23  typedef  int  order_t[MAX_SIZE$]; 

24 

25  typedef  char  sizes_t(MAX_SI2ESJ £10]; 

26 

27  typedef  struct  i 

28  order_t  number; 

29  sizes_t  ch_sizes; 

30  int  perimeter[MAX_SIZES]  ; 

31  )  ord_var_t; 

32 

33  typedef  struct  < 

34  order_t  si zes; 

35  float  inches; 

36  )  Ust.t; 

37 

iS  typedef  struct  { 

39  order_t  sizes; 

40  int  plyjieight; 

41  char  merged; 

42  )  section_t; 

43 

44  typedef  struct  ( 

4r  int  sectl; 

'  int  sect2; 

int  orgj>ly_height; 

48  int  cand_ply_height; 

49  float  saving-.; 

50  int  type; 

51  order_t  org; 

52  order_t  cand; 

53  order_t  in_sect1; 

54  order_t  in_sect2; 

55  }  savings_t; 

56 

57 


58  int  get_parameters(int  ‘unit*,  int  *max_ply,  int  *max_*izes, 

59  int  *cut_cost,  int  *unft_cost,  int*  old_ou_unit*>; 

60 

61  float  find_inches(order_t  sizes); 

62 

63  float  case_aii(int  i,  int  j,  int  unit_cost>; 

64 

65  float  compute_savings(int  i,  int  j,  int  eut_cost,  int  unit_cost,  int  max_sizes); 

66 

67  float  compute_swap_savings(int  i,  int  j,  int  cut_cost,  int  unit_eost,  int  max_sizes); 

68 

69  void  combine_ply(int  max _ply); 

70 

71  void  combine_sizes(int  max_sizes); 

72 

73  void  transfer_forward(int  i,  int  j,  int  l, 

74  int  cut_cost,  int  unit_cost,  int  max_sizes,  int  max_ply); 

75 

76  void  transfer_backward8(int  i,  int  J,  int  l, 

77  int  cut_cost,  int  unit_cott,  int  max_size8,  int  maxjsly); 

78 

79  void  swap_forward(int  i,  int  j,  int  l, 

80  int  cut_cost,  int  unit_cost,  int  max_sizes,  int  max_ply); 

81 

82  void  swap_backwards(int  i,  int  j,  int  t, 

83  int  cut_cost,  int  unit_cost,  int  max_sizes,  int  max jsly); 

84 

85  #endif 


6  •  FILE  NAME  :  Implcl.h 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  February  1990 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  20332  (404)  894-8952 

10 

11  -  PURPOSE*  To  define  all  global  variables 

12 

13 

14  . . 

15  Hfifndef  IMPLCLJi 

16  #define  IMPLCL.H 

17 

18 

19  extern  ord_var_t  order; 

20  extern  list.t  *list; 

21  extern  int  num.list; 

22  extern  int  num_of_sizes; 

23  extern  section.t  *in_sect1on; 

24  extern  int  num_in_sec; 

25  extern  int  num_temp_see; 

26  extern  section.t  sect3; 

27  extern  section.t  sect4; 

28  extern  section.t  portion; 

29  extern  savings.t  temp.save; 

30  extern  savings.t  save; 

31 

32 

33  #endi f 
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1  .  /* 


2  •*  SHeader:: 

3  . */ 

4 

5  /* . - . 

6  *  FILE  NAME  :  Improve. c 

7  *  PROGRAMMER  :  Terri  A.  Smith 

8  •  DATE  WRITTEN  :  February  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894*8952 

10 

11  *  PURPOSE-  The  main  program  which  controls  flow  of  execution 

12 

13 

14  . V 

15  finclude  <stdio.h> 

16  #include  <malloc.h> 

17  #include  <memory.h> 

18  ^include  <stdlib.h> 

19  #include  <string.h> 

20  #include  <time.h> 

21  #include  "impdec.h" 


22  ^include  "implcl.h" 

23 

24  ^define  clockO  time(NUU) 

25 

26  main(argv,  argc) 

27  int  argv; 

28  char  *ergc[]; 

29 

30  { 

31  /*  Input  Variables  */ 

32  int  ou_uni ts; 

33  int  old_ou_units; 

34  int  max_ply; 

35  int  max_sizes; 

36  int  init_ply; 

37  int  cut_cost; 

38  int  unit_cost; 

39 

40  /"  Output  Variables  */ 

41  float  tot_length; 

42  float  totjnarker; 

43  int  unit_dev; 

44  int  unit_count; 

45  int  order_count; 

46  char  unit_string[10]; 


47 

48 

int 

i,j,  k,  l,  r,  s,m,n; 

/*  counters 

*/ 

49 

int 

total_order  =  0; 

/*  total  #  in  order 

*/ 

50 

float 

inches; 

/*  inches  in  sections  *  ply 

*/ 

51 

float 

marker; 

/*  inches  between  markers 

*/ 

52 

FILE 

*fp; 

/*  file  pointer  for  output 

*/ 

53 

order_t  temp_order; 

/*  temp  order 

*/ 

54 

clock_t 

start_time; 

/*  used  for  timing  alg 

*/ 

55 

clock_t  end_time; 

/*  used  for  timing  alg 

*/ 

56 

double 

total_time; 

/*  total  execution  time 

*/ 

57 

char 

mergers  _possible  =  1; 

/*  while  loop  boolean 

*/ 

/*  the  total  amt  of  fabric  needed*/ 

/*  total  fabric  between  markers  */ 

/*  deviation  of  units  to  cut  from  order  */ 
/*  units  in  all  sections  */ 

/*  #  of  units  in  order  */ 

/*  OVER  or  UNDER  */ 


/*  #  of  units  over/under  allowed  */ 

/*  #  of  units  over/under  allowed  */ 

/*  max  ply  height  allowed  */ 

/*  #  of  sizes  allowed  /  section  */ 

/*  initial  ply  height  */ 

/*  cutting  cost  */ 

/*  unit  cost  */ 


/*  temporary  section 


58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 


section_t  temp_sec; 


start_time  =  elockO; 

if  {(fp  =  fopen( "OUTPUT",  »w"))  ==  NULL)  { 

printf( "CANNOT  OPEN  OUTPUT  FILE  savings. c\n"); 
exit(0); 

> 


V 


if  {(list  *  (list_t  *)malloc(MAX_LIST  *  sizeof(list_t)))  **  NULL)  { 
pr i nt f < "AL LOCAT I ON  ERROR  FOR  LIST  savings.c\n»); 
exit(0); 

> 


/* 

Get  parameters  and  print  out  first  solution 
V 


num_list  *  get_parameters{&ou_units,  &max_ply,  &max_sizes, 

icut_cost,  &unit_eost,  4old_ou_units); 


tot_length  «  (float)  0.0; 
tot_marker  =  (float)  0.0; 

fprintf(fp,  "MAX  PLY  «  Xd  MAX  #  OF  UNITS  PER  SECTION  =  Xd\n",  max_ply,  max_sizes); 
fprintf(fp,  "UNIT  COST  *  Xd  cents  CUT  COST  «  Xd  cents\n",  unit_cost,  cut_cost); 
fprintf(fp,  "OROER\n"); 
for  (i«0;  i<num_of_sizes;  i++)  ( 

fprintf(fp,  "Xd  SIZE  Xs\n",  order.nunberti) ,  order. ch_sizes (ij); 

) 

fprintf (fp,  »\n  FIRST  SOLUTION  \n»>; 
for  (i*0;  i<num_in_sec;  i*+)  { 

fprintf(fp,  "SECTION  Xd  HAS  PLY  «  Xd\n»,  i,  in_section(i) .ply_height); 
for  (j»0;  j<num_of_sizes;  J++)  < 
if  (in_section(7] .sizestj]  >  0)  ( 

fprintf(fp,  "  AND  Xd  SIZE  Xs\n",  in_section[i).sizes[jJ,  order.  ch_s  i  zes  tj  ] ) 

> 

) 

marker  *  find_inches(in_sectionMJ .sizes); 
inches  =  marker  *  in_section(i].pty_height; 

fprintf (fp,  "MARXER  LENGTH  «  X7.2f  TOTAL  LENGTH  «  X7.2f\n\n»,  marker,  inches); 
tot_length  *  tot_length  +  inches; 
tot_marker  ■  tot_marker  +  marker; 

> 

fprintf(fp,  "TOTAL  MARKER  =  X7.2f  TOTAL  LENGTH  =  X7.2f\n\n",  tot_marker,  tot_length); 


/* 

Initialize  savings  structures 
V 

for  (i=0;  i<num_of_sizes;  i++)  { 
save.org  (ij  =  0; 
save.candli]  =  0; 
temp_save.org Ci]  =  0; 
temp_save.cand[i]  =  0; 

> 


/* 
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combine  any  sections  with  a  combination  of  sizes  <=  max_sizes 


115 

116 
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137 

138 

139 

140 

141 

142 

143 

144 

145 
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148 

149 
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151 
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157 

158 
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171 


V 


combi ne_si  zes(max_si zes); 

/* 

Main  Loop  of  program  * 

The  loop  begins  by  trying  to  place  one  sizes  form  one  section 
into  another  section.  Once  all  possible  transferred  are  tested, 
then  the  program  tries  swapping  two  sizes  from  two  different 
sections.  The  loop  begins  with  the  first  section.  The  best 
transfer  or  swap  from  this  section  is  made  and  the  next  section 
goes  through  the  same  tests  etc.  Once  all  sections  have  been 
exhausted  then  the  same  is  repeated  but  backwards  (starting 
with  the  last  section.  This  whole  process  is  repeated  twice. 

V 

mergersjxjssible  =  2; 
while  (mergers ..possible  >  0)  { 

/*  combine  any  sections  with  same  sizes  by  putting  on 
top  of  each  other  if  it  doesn't  violate  max  ply  height 

*/ 

combine_ply(max_ply); 

/* 

Attempt  to  reaasign  one  portion  from  original  section 
to  a  new  section  and  calculate  savings.  Merge  only 
the  one  with  the  greatest  savings 

*/ 

for  (i=0;  i<num_in_sec;  i**)  < 
for  (j*0;  j<num_of_sizes;  j*+)  C 
save.sectl  ■  -1; 
save.sect2  «  *1; 
save. type  *  0; 
save.org_ply_height  *  0; 
save.cand_ply_height  «  0; 
save. savings  <=  (float)  0.0; 

for  (m=0;  m<num_of_sizes;  m++) 
portion. sizes (m3  =  0; 
portion. ply_height  *  0; 

for  (l=i+1;  l<num_in_sec;  l+«->  { 

transfer_forward(i,  j,  l,  cut_cost,  unit_cost,  max_sizes,  max_pty); 
swap_f orward( i ,  j,  l,  cut_cost,  unit_cost,  max_sizes,  max_ply>; 


> 


/* 

Place  portion  into  section.  If  the  two  sections  have 
different  ply  heights  then  the  smallest  ply  height  is 
given  to  both  sections  and  the  section  with  the  larger 
ply  height  is  added  to  the  end  of  the  section  list  with 
a  ply  height  equal  to  larger  ply  minus  the  smaller  ply 

*/ 
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184 
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191 

192 

193 

194 

195 
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197 

198 

199 

200 
201 
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204 
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r  »  save.sectl; 
s  >  save.sect2; 

if  (save. savings  (a  (float)  0.0)  ( 

printf ("REPLACING  PORTION  Xd  Xd\n“,  r,  s); 

in_section[r] .plyjieight  *  save.org_ply_hefght; 
in_sectionl8] .plyjieight  «  save.cand_ply_height; 

if  (save.org_plyJieight  <  save.cand_ply_height)  { 
in_sectionls]  .plyjieight  «  aave.org_plyJieight; 
temp_see. plyjieight  ■  save.cand_plyjieight  - 
save.org_ply_height; 

for(m=0;  in<num_of_sizes;  m++) 

temp_sec. sizes  Cm]  *  save.in_sect2[m]; 

if  ((in_section  «  reatloc(in_section,  (<nuni_temp_aec  ♦  1) 

*  sTzeof(section_t))>)  »«  NULL)  ( 
printf ("REALLOCATION  ERROR  FOR  INSECTION  improve2.c»>; 
exit(0); 

> 

memcpy(&in_section[num_tefnp_sec-t“0 ,  &temp_sec,  sizeof(section_t>); 

> 

else  if  (save.org_plyJieight  >  save.cand_ply_height)  { 
in_section[r] .ply_height  «  save.cBnd_plyJieight; 
temp_sec. plyjieight  »  save.org_ply_height  - 
save.cand_ply_height; 

for{m=0;  m<nun_of_sizes;  m++> 

temp_sec. sizes tm]  *  save.in_sect1  tm); 

if  ((in_section  «  realloc(in_section,  ((num_temp_sec  ♦  1) 

*  sTzeof(section_t))>)  »*  NULL)  ( 
printf ("REALLOCATION  ERROR  FOR  INSECTION  improve2.c"); 
exit(0); 

> 

memcpy(&in_sectiontnum_temp_sec++] ,  &temp_sec,  sizeof(section_t>); 

> 

for(m=0;  m<num_of_sizes;  m+*)  ( 

injsectiontr] .sizes  Cm)  =  save.orglm); 
in_sectionCs] .sizes lm]  =  save.candlml; 

) 

> 

)  /*  for  j  */ 

)  /*  for  i  */ 


Perform  the  same  sequence  of  events  to  transfer  and  swap 
sizes  but  start  at  end  of  list  and  go  backwards 

Attempt  to  reassign  one  portion  from  original  section 
to  a  new  section  and  calculate  savings.  Merge  only 


the  one  with  the  greatest  savings 
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V 


nun_in_sec  *  num_tefnp_sec; 

for  (i=nun_in_sec-1;  i>=0;  I--)  { 
for  (j*0;  j<num_of_sizes;  j*+)  < 
save.sectl  «  -1; 
save. sect 2  *  -1; 
save. type  *  0; 
save.org_ply_height  *  0; 
save.cand _pty_helght  *  0; 
save. savings  *  (float)  0.0; 

for  <m=0;  m<num_of_sizes;  m*+) 
portion. sizestm]  *  0; 
portlon.ply_helght  *  0; 

for  (1*1-1;  l>*0;  l--)  { 

transfer_backwards(i,  j,  l,  cut_cost,  unit^cost,  max_sizes,  max_ply); 

swap_backwards(i,  j,  l,  cut_cost,  unit_cost,  mtx  sizes,  max_ply); 

> 

r  *  save.sectl; 
s  *  save.sect2; 

if  (save. savings  I*  (float)  0.0)  { 

pr intf (‘'REPLACING  PORTION  Xd  Xd\n»,  r,  s); 

in_sectiontr] .plyjieight  *  save.org_ply_height; 
in_section[s] .plyjieight  *  save.cand_ply_height; 

if  (save.org_ply_height  <  save.cand_ply_height)  { 
in_section(s] .ply_height  »  save.org_ply_height; 
temp_sec. plyjieight  *  save.cand_ply_height  - 
save. orgjjly_hei ght; 

for(m*0;  m<num_of_sizes;  m++)  { 

temp_sec. sizestm]  *  save. in_sect2[m]; 

> 

if  ((in_section  *  realloc(in_section,  ((nun_temp_sec  ♦  1) 

*  sTzeof(section_t))))  **  NULL)  { 
pr i nt f ( "REALLOCAT I ON  ERROR  FOR  INSECTION  inprove2.c">; 
exit(0); 

> 

memcpy(&in_sectiontmjm_temp_sec++],  8temp_sec,  cizeof(section  t)); 

> 

else  if  (save.org_ply_hei9ht  *  save.cand_ply_height)  { 
in_section[r] .plyjieight  =  save.cand _ply_height; 
tsmp_sec. plyjieight  =  save.org_plyJieight  - 
save.cand_plyjieight; 

for(m=0;  m<num_of_sizes;  m++)  { 

temp_sec. sizestm]  =  save.in_sect1tm]; 

> 
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if  ((in_section  =  realtoc( infection,  ((num_te(np_sec  +  1) 

*  sizeof(section_t))>)  ==  NULL)  < 
printf (''REALLOCATION  ERROR  FOR  INSECTION  inprove2.c»); 
exit(0); 

> 

memcpy(&in_section[num_temp_sec++],  &temp_sec,  sizeof( sect ion  t)>; 

> 

for(m=0;  m<num_of_sizes;  nH“0  { 

in_sectiontr] .sizes [in]  *  save.orgtm]; 
in_section[s] .sizes [m]  =  save.cand[m] ; 

) 

> 

>  /*  for  j  */ 

)  /*  for  i  */ 


num_in_sec  *  num_temp_sec; 
--mergers_possible; 

)/*  while  */ 


I* 

Remove  sections  that  are  empty 
V 


for  (i=0;  i<num_in_sec;  i++)  { 
order_count  *  0; 

for  (j»0;  j<num_of_sizes;  j++)  { 

order_count  «  order_count  +  in_section[i] .sizestj); 

> 

if  (order_count  »*  0)  { 

for  (j«i;  j<num_in_sec-1;  j++)  C 

memcpy(iin_section[j],  iin_section[j+1),  sizeof (section  t)); 

) 

num_in_sec  *  nun_in_sec  •  1; 

> 

> 

end_time  *  clockO; 

total_time  =  ((double)  end_time  •  start_time)  /  CLK_TCK; 

fprintf(fp,  "\n\n**********************************************\n">; 

tot_length  *  (float)  0.0; 

tot_marker  =  (float)  0.0; 

unit_dev  «  0; 

order_count  =  0; 

unit_count  *  0; 

fprintf(fp,  "THE  #  OF  FINAL  SECTIONS  ARE  :  Xd\n»,  numjnsec); 
for  (i=0;  i<num_in_sec;  i++)  { 

fprintf(fp,  "SECTION  Xd  HAS  PLY  =  Xd\n»,  i,  in_section[i) .ply_height); 
for  (j=0;  j<num_of_sizes;  j++)  ( 
if  (in_section[i] .sizeslj]  >  0)  { 

fprintf(fp,  "  AND  Xd  SIZE  Xs\n",  in_section[i] .sizeslj] ,  order. ch_sizes[j]; 

uni t_count  =  unit_count  +  (in_section[i] .sizes (j]  *  in_section[i] .ply_height); 

> 


343  > 

344  marker  =  find_inches(in_sectionti] .sizes); 

345  inches  *  marker  *  in_section[i].ply_height; 

346  fprintf(fp,  "MARKER  LENGTH  «  X7.2f  "*TOTAL  LENGTH  *  X7.2f\n\n",  marker,  inches); 

347  tot_length  *  tot_length  +  inches; 

348  tot_marker  =  tot_marker  +  marker; 

349  > 

350 

351  for  (j=0;  j<num_of_sizes;  j++) 

352  order_count  *  order_count  +  order. numbertj] ; 

353 

354  unit_dev  =  order_count  -  unit_count; 

355  if  (unit_dev  >  0) 

356  strcpy(unit_string,  "UNDER"); 

357  else  if  (unit_dev  «*  0) 

358  strcpy(un?t_string,  "\0"); 

359  else  C 

360  unit_dev  =  unit_dev  *  *1; 

361  strcpy(unit_str7ng,  "OVER"); 

362  > 

363 

364  fprintf<fp,  "TOTAL  MARKER  «  X7.2f  TOTAL  LENGTH  ■  X7.2f\n\n",  tot_marker,  totjength); 

365  fprintflfp,  "UNIT  OVER/UNDER  «  Xd  Xs»,  unit_dev,  unit_string); 

366  fprintflfp,  "\n\nTOTAL  TIME  «  Xf\n",  total_time); 

367 

368 

369  if  (list  1=  NULL) 

370  free(Ust); 

371 

372 

373  fclose(fp); 

374 

375  return(0); 

376  ) 
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INCLUDES  =  impdec.h  inplcl.h 
LI8NAME  =  imp l ib 


OBJS  »  \ 

globals.obj  \ 
getparm.obj  \ 
findinch.obj  \ 
case_aii.obj  \ 
compute.obj  \ 
compswap.obj  \ 
combs ize. obj  \ 
combply.obj  \ 
tranfrwd.obj  \ 
suapfrud.obj  \ 
tranbkwd.obj  \ 
swapbkwd.obj 


((CC> 

((LIB) 


globals.obj  :  globals.c  S( INCLUDES) 

getparm.obj  :  getparm.c  ((INCLUDES) 

findinch.obj  :  findinch.c  ((INCLUDES) 

cuse_ai i .obj  :  case_aii.c  ((INCLUDES) 

compute. obj  :  compute. c  ((INCLUDES) 

compswap.obj  :  compswap.c  ((INCLUDES) 

combply.obj  :  combply.c  ((INCLUDES) 

combsize.obj  :  combsize.c  ((INCLUDES) 

tranfrwd.obj  :  tranfrwd.c  ((INCLUDES) 

swapfrwd.obj  ;  swapfrwd.c  ((INCLUDES) 

tranbkwd.obj  :  tranbkwd.c  ((INCLUDES) 

swapbkwd.obj  :  swapbkwd.c  ((INCLUDES) 

improve. obj  :  icprove.c  ((INCLUDES) 

improve.exe  :  improve. obj  S(OBJS) 
cl  improve  /link  implib. lib 


S(B)\improve.exe  :  improve.exe 
((CP) 


58  $(I)\itnpdec.h  :  impdec.h 

59  $(CP) 

60 
61 


1 


D:/cops/src/improv/swapbkwd.c  February  1990 


6  •  FILE  NAME  :  Swapkwd.c 

7  •  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  April  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  This  procudure  attempt*  to  swap  one  size  from  one 

12  -  with  another  size  in  a  different  section  if  feasible.  It 

13  -  works  from  the  end  of  the  section  list  to  the  start. 

14 

15 

16  . */ 


17  Ifinclude  <stdio.h> 

18  Ifinclude  <malloc.h> 

19  Ifinclude  <memory.h> 

20  Ifinclude  <stdlib.h> 

21  ifinclude  <string.h> 

22  Ifinclude  "impdec.h" 

23  ifinclude  "implcl.h" 

24 

25  void  swap_backuards(i,  j,  l,  cut_cost,  unit_cost,  max_sizes,  max_ply) 

26  int  i; 

27  int  j; 

28  int  l; 

29  int  cut_cost; 

30  int  unit_co8t; 

31  int  max„sizes; 

32  int  maxjjly; 

33 

34  { 

35 

36  int  k,  m,  n;  /*  counters  */ 

37  int  num_units;  /*  num_units  in  one  section  */ 

38 

39 

40  for  (n=0;  n<num_cf_sizes;  )  ( 

41  if  ((in_section[i) .sizes CJ3  >  0)  && 

42  (in_section[l] .sizesln]  >  0))  < 

43 

44  for  (m=0;  m<num_of_sizes;  nw-+)  { 

45  sect3.sizes[m]  =  in_s.'ction[i]  .sizeslm]; 

46  ,sect4.  sizeslm)  =  in_section[ll.  sizeslm]; 

47  > 

48 

49  sect3.sizes[j]  «  sect3.sizestj]  -  1; 

50  sect3. sizesln)  =  sect3. sizesln]  +  1; 

51  sect4.sizes[j)  =  sect4. sizes [j]  +  1; 

52  sect4. sizesln)  =  sec t4. sizesln)  •  1; 

53 

54  temp_save.sect1  =  i; 

55  temp_save.sect2  -  l; 

56  tefnp_save.  type  =  0; 

57  temp_save.org_ply_height  =  0; 
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temp_save.cand_ply_height  =  0; 
temp_save. savings  =  (float)  0.0; 

compute_swap_savings(i,  l,  cut_cost,  unit_cost,  max_sizes); 
num_uni ts  =  0; 

for  (iifO;  nxnun_of_sizes;  n*+) 

nun_units  =  num_units  ♦  sect4.sizes[m]; 

if  ((temp_save. savings  >  save. savings)  && 

(num_units  <■  max_sizes)  && 

(temp_save.type  >  0)  && 

<tefnp_save.cand_ply_height  <*  max_ply))  { 
memcpyC&save,  &tefflp_save,  sizeof(savings_t)>; 

for  (m=0;  m<num_of_sizes;  hh-O  { 
if  <temp_save.type  l«  1)  < 
save.org [m]  *  sect3. sizes tm); 
save.eandtm]  *  sect4.  sizes  [ml; 
save.1n_sect1Em]  ■  in_section[i).sizestm]; 
save.in_sect2[m]  =  in_sec.tion[l]  .sizestm]; 

> 

else 

save.cand[m]  =  in_sectionti]  .sizes(m); 

)  /*  for  m  */ 

)  /*  if  V 
)  /*  if  */ 

)  /*  for  n  */ 
return; 

) 


D:/cops/src/improv/swapfrwd.c  February  1990 


3  . V 

4 

5  /* . 

6  -  FILE  NAME  :  Suapfrwd.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  April  1990 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  -  PURPOSE-  This  procudure  attempts  to  swap  one  size  from  one 

12  -  with  another  size  in  a  different  section  if  feasible.  It 

13  -  works  from  the  start  of  the  section  list  to  the  end. 

14  - 

15  . */ 

16  ^include  <stdio.h> 

17  ^include  <malloc.h> 

18  ^include  <memory.h> 

19  ^include  <stdlib.h> 

20  ^include  <string.h> 

21  ^include  "impdec.h" 

22  ^include  "implcl.h" 

23 

24 

25 

26  void  swap_f orward( i ,  J,  l,  eut_cost,  unit_cost,  max_sizes,  max_ply) 

27  int  i;~ 

28  int  j; 

29  int  l; 

30  int  cut_cost; 

31  int  unit_cost; 

32  int  max_sizes; 

33  int  max_ply; 

34 

35 

36  { 

37  int  k,  m,  n;  I*  counters  */ 

38  int  num_units; 

39 

40  for  (n=0;  n<num_of_sizes;  n+*>  ( 

41  if  ((in_sectionti] .sizes Cjl  >  0)  && 

42  (in_sectionll] .sizesln]  >  0>)  C 

43 

44  for  (m=0;  m<num_of_sizes;  m++)  { 

45  sect3. sizeslm]  =  in_section[i]  .sizeslm]; 

46  sec t4. sizeslm]  «  in_section[l] .sizeslm]; 

47  > 

48 

49  sect3. sizes tj]  =  sect3. sizes [j]  •  1; 

50  sect3. sizes  In]  =  sect3. sizesln]  +  1; 

51  se:t4. sizes IJ]  =  sect4.sizes[j]  +  1; 

52  sect4. sizes  In]  »  sect4. sizesln]  •  1; 

53 

54  temp_save.sect1  =  i; 

55  temp_save.sect2  =  l; 

56  temp_save.type  =  0; 

57  tenp_save.org_ply_height  =  0; 


58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 
89 


temp_save.cand_ply_height  =  0; 
temp_sav'.  savings  =  (float)  0.0; 

compute_swap_savings(if  l,  eut_cost,  unit_cost,  max_sizes); 
num_units  =  0; 

for  (m=0;  m<num_of_sizes;  m*+) 

mm_uni ts  *  num_units  +  sect4.sizes[m]; 

if  (<temp_save.savings  >  save. savings)  && 

(num_units  <*  max_sizes)  && 

(temp_save.type  >  0)  && 

<temp_save.cand_ply_height  <*  max_ply))  i 
memcpy(&save,  &temp_save,  sizeof(savings_t)); 

for  (npO;  m<num_of_sizes;  m*+)  { 
if  (temp_save.type  !■  1)  ( 

save.orgtm]  «  sec  t3.  sizes  Cm]; 
save.candtm]  »  sect4.sizestm]; 
save.in_sect1 Cm]  ■  in_seetion[i] .sizestm]; 
save.in_sect2lm]  «  in_sectlon[l]  .sizestm); 

) 

else 

save.candtm]  =  in_section[i].sizestm); 

)  /*  for  m  */ 

)  /*  if  V 
)  /*  if  */ 

)  /*  for  n  V 


return; 

) 


1  /* . . . * . 

2  —  SHeader::  D:/cops/src/improv/tranbkwd.c  February  1990 

3  . */ 


4 

5  /* . 

6  •  FILE  NAME  :  Tranbkwd.c 

7  -  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  April  1990 

9  •  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  •  PURPOSE-  This  procudure  attempts  to  transfer  one  size  from  one 

12  •  section  into  another  section  if  feasible.  It  works  from 

13  •  the  end  of  the  section  list  to  the  start. 

14 

15 

16  . V 

17  finclude  <stdio.h> 

18  #include  <malloc.h> 

19  Hfinclude  <memory.h> 

20  #include  <stdlib.h> 

21  #include  <string.h> 

22  ^include  "impdec.h" 

23  ^include  "implcl.h" 

24 

25  void  transfer_backwards(i,  j,  l,  cut_cost,  unit_cost,  max_sizes,  maxjsly) 

26  int  i; 

27  int  j; 

28  int  l; 

29  int  cut_cost; 

30  int  unit_cost; 

31  int  max_sizes; 

32  int  maxjsly; 

33 

34  { 

35 

36  int  k,  m;  /*  counters  */ 

37  int  num_units;  /*  numjtnits  in  one  section  */ 

38 

39  if  (in_sectionti] .sizestjl  •  0)  ( 

40  for  (m=0;  m<num_of_sizes;  nh'-)  ( 

41  sect3. sizes  Cm]  >  in_sectionli} .sizesCm]; 

42  sect4.sizeslm]  =  in_seet1onll] .sl’eslm]; 

43  > 

44 

45  sect3.sizes[j]  =  sect3.sizes[j]  *  1; 

46  sect4.sizesCj)  ■  sect4.sizes[j)  ♦  1; 

47  portion. sizeslj]  =  1; 

48  portion. ply_height  =  in_section[i) ,ply_height; 

49 

50  temp_save.sect1  *  i; 

51  temp_save.sect2  *  l; 

52  temp_save.type  *  0; 

53  tefnp_save.orgjsly_height  =  0; 

54  temp_save.cand_ply_height  =  0; 

55  temp_save. savings  «  (float)  0.0; 

56 

57  compute_savings(i,  l,  cut_cost,  unit_cost,  max_sizes); 
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nununits  *  0; 

for  (m=0;  nKm*n_of_sizes; 

num_units  ■  numunits  ♦  sect4. sizes M; 

if  ((temp_save. savings  >  save.stvfngs)  U 
(num_units  <*  max_sizes>  U 
(temp_save.type  >  0)  U 
<temp_save.cancl_plyjieight  <*  maxjaly))  C 
memcpy(&save,  fcterp_seve,  sizeof(savings_t)>; 

for  <m=0;  m<num_of_sizes;  m+~0  { 
if  (temp_save.type  !■  1)  { 
save.orgtm]  *  sect3.sizestm]; 
save.candlmj  *  sect4. sizes [ml; 
save.in_seet1  [ml  «  in_section[i].sizes[m] 
save.in_sect2[m1  *  in„sectiontl].sizes[ml 
> 

else 

save.candlm]  a  in_section[i] .sizesM; 


} 

> 

) 

return; 


) 


1  /* . 

2  —  SHeader::  D:/cops/src/improv/tranfrwd.c  February  1990 

3  . */ 

4 

5  /* . . 

6  -  FILE  NAME  :  tranfrud.c 

7  •  PROGRAMMER  :  Terri  A.  Smith 

8  -  DATE  WRITTEN  :  April  1990 

9  -  ADDRESS  :  GTRI/CSITL  Atlanta  GA  30332  (404)  894-8952 

10 

11  •  PURPOSE-  This  procudure  attempts  to  transfer  one  size  from  one 

12  -  section  into  another  section  if  feasible.  It  works  from 

13  -  the  beginning  of  the  section  list  to  the  end. 

14 

15  . V 

16  ^include  <stdio.h> 

17  #include  <malloc.h> 

18  ^include  <memory.h> 

19  include  <stdlib.h> 

20  ^include  <string.h> 

21  #include  <time.h> 

22  ^include  "impdec.h" 

23  ^include  "implcl.h" 

24 

25  void  transf er_f orward( i ,  j,  l,  cut_cost,  unit^cost,  max_sizes,  max_ply) 

26  int  i; 

27  int  j; 

28  int  l; 

29  int  cut_cost; 

30  int  unit„cost; 

31  int  max_sizes; 

32  int  max_ply; 

33 

34  { 

35 

36  int  k,  m;  /*  counters  */ 

37  int  num_units;  /*  num_units  in  one  section  */ 

38 

39  if  (in_section[i) .sizes C jl  >  0)  { 

40 

41  for  (msO;  m<num_of_sizes;  m++)  { 

42  sect3.sizes  [m]  =  in_sectiunli]. sizes  Cm]; 

43  sect4. sizes  Cm]  =  in_sectionCl] .sizestm] ; 

44  > 

45 

46  sect3.sizesCj]  =  sect3.sizesCj]  -  1; 

47  sect4.sizesCj]  =  sect4. sizes Cjl  ♦  1; 

48  portion.sizesCj]  =  1; 

49  portion.ply_height  =  in.sectionCil.ply_height; 

50 

51  temp_save.sect1  =  i; 

52  temp_save.sect2  =  l; 

53  temp_save.type  =  0; 

54  temp_save.org_ply_height  =  0; 

55  temp_save.cand_ply_height  =  0; 

56  temp_save. savings  ~  (float)  0.0; 

57 


58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 


compute_savings(i,  l,  cut_cost,  unit_cost,  max_sizes) 
num_units  =  0; 

for  (m=0;  m<num_of_sizes;  m*-+) 
num_units  =  num_units  +  sect4.sizes[m); 

if  ((temp_save. savings  >  save. savings)  && 

(num_units  <=  max_sizes)  && 

(temp_save.type  >  0)  && 

(temp.save.cand_pty_height  <=  max_pty))  c 
memcpy(&save,  &temp_save,  sizeof(savings_t»; 

for  (m=0;  m<num_of_sizes;  m++)  { 
if  (temp.save.type  I*  1)  { 
save.orgtm]  *  sect3.sizes[m); 
save.candtm]  *  sect4.sizestm); 
save.in_sect1 [m]  ■  in_sectionti) .sizes [m]; 
sove.in_sect2[m]  *  in_sectiontl).sizestm]; 

} 

else 

save.candtm)  *  in_secticn[i).sizes[m); 

>/*  for  m  */ 

> 

>  /*  if  */ 


return; 

> 


Savings 


Order 


6/9/25/2/5/1 


Ply  I  I  Patterns  in 


order 


Size 


47 


EBE3E2EEEE3EEI 


Pattern  I  Total  inches 


Ply  |  in  pattern  |  in  order 


73.86 

1 

73.86 

72.52 

1 

72.52 

71.19 

5 

355.95 

28.52 

3 

85.56 

587.89 


200/200/200/200/200/200  47 


73.86 

1 

73.86 

72.52 

1 

72.52 

71.19 

5 

355.95 

28.52 

3 

85.56 

lEHESEJEiEDEai 


74.52 


73.86 


73.19 


72.08 


72.08 


72.52 


70.75 


69.86 


69.41 


74.52 


74.08 


73.86 


72.08 


72.30 


71.86 


69.26 


15.56 


12!  886.32 


5  360.40 


47  3387.76 


JBEHEDI 


489.02 


13  902.33 


587.89 


14504.65 


143.72 


2077.80 


mmi 


14852.12 


73.86 


72.08 


70.75 


71.86 


71.19 


70.97 


71.86 


70.75 


67.01 


288.32 


6  431.16 


283.00 


402.06 


14379.50 


Savings  (Con't) 


Order 


/  /  /  /960/240 


Piy  Patterns  in 


Height  |  order 


Size 


108 


ESESEQESEmESI 


Pattern 


Length  Ply 


Total  inches 


inSKKHH 


73.86 

30 

2215.80 

72.08 

4 

288.32 

71.86 

41 

2946.26 

71.19 

98 

6976.62 

70.52 

7] 

493.64 

66.76 

24 

1602.24 

iU3EBE23B3ESEai 


75.19 


14522.88 


74.52 

48 

3576.96 

74.52 

48 

3576.96 

16.33 

48 

783.84 

15145.44 


/  /  /  /1 200/ 


toicEiKEiKEigfqi 


IEEEEE3ESEDEDI 


m\ 


72/144/360/360/144/72 


1!  3 


mmgmm 

ESS 


75.191 


74.75 


74.52 


16.33 


74.521 


74.52 


74.52 


74.52 


16.331 


74.52 


74.52 


16.331 


72  5413.68 


481  783.84 


48  3576.96 


48  3576.96 


48!  783.84 


1081  8048.16 


481  783.84 


15145.44 


15091.68 


15091.68 


74.30 


72.52 


72.08 


72.08 


72.52 


72.08 


—  i  mi  rm  ii 

■■■■Kim 


481  3459.84 


13924.32 


Improved  Savings 


Order 


6/9/25/2/5/1 


Ply  I  Patterns  in 


Height  I  order 


Size  30 


47 


200/200/200/200/200/200  !  47 


Pattern 

Total  inches 

length 

plyj 

I  in  pattern 

in  order 

ze  30 


E2E3EEEEI 


Size  |  30 


72.52 


71.63 


69.19 


71.63! 


73.64 


72.52 


286.52 


69.19 


71.63 


73.64 

1 

73.64 

72.52 

1 

72.52 

71.63 

m 

286.52 

69.19 

i 

69.19 

71.63 

i 

71.63 

\mmmm 

\Wmmm 


73.401 

38 

74.52 

5 

72.52 

5 

72.52 

5 

72.52 

5 

mmmmmi 

IHE3EM) 


71.631 


72.521 


71.41 


74.52 


73.86 


72.52 


74.52 


73.86 


72.08 


72.30 


72.97 


WEMBSA 


372.60 


362.60 


362.60 


362.60 


1377.88 


1790.75 


1385.20 


968.76 


362.60 


145.04 


1428.20 


670.68 


147.72 


362.60 


149.04 


369.30 


648.72 


216.90 


218.91 


573.50 


573.50 


14491.90 


Improved  Savings  (con't) 


Order 


/  /  /  /1 200/ 


Patterns  in 


order 


Size  I  30 


Size  30 


eeedeeesesi 

mmmwm 
■■■i 

■iii 

>■■91 
[■■Si 

,■■■■ 

KMkEiEfiEEIEffll 


Pattern  I  Total  inches 


ply  in  pattern  I  in  order 


IEP51 


74.52 

48 

3576.96 

74.52 

48 

3576.96 

74.52 

48 

3576.96 

74.52 

48 

3576.96 

16.33 

48 

783.84 

Size  I  30 


ft]^lcE!iicTnEElE!3i 


72/144/360/360/144/72  |  47 


74.52 


74.52  84 


16.33  481 


73.411  24| 


72.521  241 


72.52  24 


71.63  24 


72.081  24| 


72.52!  24 


27.75! 

24 

73.19 

8 

74.52 

161 

wammm 

72.52 

8 

72.52 

8 

74.52 

8 

73.19 

16 

8048.16 


6259.68 


783.84 


1761.84 


3480.96 


1740.48 


1740.48 


1740.48 


1719.12 


1729.92 


580.16 


1740.48 


1450.40 


666. 


585.52 


15091.68 


15091.68 


13913.28 


■ 

HI 

HII3&B1 


1146.08 


580.16 


580.16 


596.16 


1171.04 


3748.16 


14036.64 


Cherry 


Order 


6/9/25/2/5/1 


Ply 


Height 


Patterns  in 


order 


IE2EEEZ3E3EEEJI 


BuBnnSES 

SSSSE5S& 


200/200/200/200/200/206  47 


163/239/599/45/124/30  !  47 


Pattern  I  Total  inches 


in  pattern  in  order 


29.02 


29.52 


15.82 


9 

256.68 

6 

169.56 

5 

146.35 

2 

58.04 

1 

29.52 

2 

31.64 

BB 


28.52 

9 

256.68 

28.26 

6 

169.56 

29.27 

5 

146.35 

29.02 

2 

58.04 

29.52 

1 

29.52 

15.82 

2 

31.64 

72.52 


72.52 


72.52 


72.52 


72.521 


II  II  1  1  1  II  72.52 


72.52 


IflfcMIktHkHicfcllEMi 


28.52! 


28.52 


28.26 


28.52 


29.27 


28.26 


28.52 


29.27 


28.26 


28.52 


29.02 


43.13 


28.261 


28.52 


15.821 


691.79 


691.79 


■E&S| 

2EB2XQI 

iWEnzxn\ 


121  870.24 


92  6671.84 


47  1340.44 


mmwn  i 


14504.00 


14504.00 


621.72 


114.08 


442.96 


17216.80 


Cherry  (con't) 


Order 


Pattern 

1  Total  inches 

Length  |  Ply 

[in  pattern 

in  order 

16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33! 


16.33 


16.33 


16.33 


16.33 


16.33 


16.33 


6.33 


16.33 


16.33 


16.33 


16.33 


783.84 


783.84 


783.84 


783.84 


783.84 


783.34 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


783.84 


19596.00 


16.33 

108 

1763.64 

16.33 

108 

1763.64 

16.33 

mmmkmu 

16.33 

108 

1763.64 

16.33 

HjVKr 

16.33 

HIT] 

16.33 

■Ux 

16.33 

16.33 

WMKTHF. 

■Ux 

16.33 

16.33 

mm 

16.33 

12 

195.96 

19596.00 


Improved  Cherry 


Order 


6/9/25/2/5/1 


Patterns  in 


order 


Size  30 


200/200/200/200/200/200  47 


KE3EglET3KE1E!*1l 


Pattern  I  Total  inches 


piy  in  pattern  I  in  order 


[[EfiBSMi 


Size  I  30 


■BBS 


1EEI 


0/0/0/0/960/240 


Size  I  30 


28.76 


28.76 


28.76 


54.191 


28.01 


28.26 


29.27 


mnni 
ignin 

■■■■I 

■DEEEEEEiiEi] 

IBBI1K1I 
IBBBB 

!■■&«■ 

fifcdttcfllcmcEIETtll 


72.52 


m\ 


74.97  48 


74.52  48 


ESESESEDEEI 


345.12 


57.52 


143.80 


54.19 


28.01 


28.26 


29.27 


28.76 

12 

345.12 

28.76 

2 

57.52 

28.76 

5 

143.80 

54.19 

1 

54.19 

28.01 

1 

28.01 

28.26 

1 

28.26 

29.27 

1 

29.27 

72.52 

47 

3408.44 

72.52 

47 

3408.44 

72.52 

47 

3408.44 

72.52 

47 

3408.44 

72.52 

12 

870.24 

7832.16 


6671.84 


686.17 


686.17 


14504.00 


14504.00 


75.191  481  3609.12 


3598.56 


3576.96 


3576.96 


783.84 


1804.56 


587.88 


3576.96 


6297.48 


1786.20 


1561.68 


15145.44 


15614.76 


Improved  Cherry  (ron't) 


Order 


163/239/599/45/124/30 


Ply  I  I  Patterns  in 


Height  order 


Size  30 


47 


eseqesehieei 


Pattern 

Total  inches 

length  pi/ 

in  pattern  in  order 

I— IBIMII 
■BEBEI 


1ESE3ESB3CSI 


72.52  6 


71.63  8 


27.75 


28.261  47 


72.52 


72.52  9 


71.86  2 


41.11  2 


73.19  2 


72.52  31 


28.52  2 


73.19  2 


72.081  22 


72.751  5 


72.97  1 


71.86  23 


28.26  38 


28.761  2 1 


28.261  8 


27.75  37 


72.52  81 


72.75  2 


72.52!  61 


41 .361  2 


72.52!  5! 


72.52!  2 


2! 


73.19 


28.01!  151 


3 


435.12 


573.04 


1110.00 


1260.45 


1328.22 


507.64 


652.68 


143.72 


82.22 


146.38 


2248.12 


57.04 


146.38 


1585.76 


363.75 


1667.96 


72.97 


1652.78 


1073.88 


57.52 


149.04 


226.08 


678.24 


1026.75 


2013.20 


580.16 


145.50 


435.12 


149.04 


82.72 


798.56 


145.50 


362.60 


145.04 


145.04 


2663.57 


292.76! 


72.97 


144.02 


4684.02 


71.41 


420.151 


221.58 


15165.63 


15653.07 


IMPROVEMENT 

Order 


200/200/200/200/200/200 


o  -u 


IMPROVEMENT  (corVt) 


Order 


163/239/599/45/124/30 


Ply  |  |  Patterns  in 


Height  order 


Size  30 


47 


EElEElETnKfnErai 


Pattern 

Total  inches 

Length 

Ply 

in  pattern 

in  order 

69.26i  32 


74.52  2 


72.52  3 


73.41 


70.52  3 


70.52  3 


72.52!  31 


73.19!  5 


71.63!  1 


27.75!  6! 


71.631  1 


bssssshB 


72.52 


2216.32 


1958.04 


1885.52 


149.04 


1571.02 


217.56 


73.41 


211.56 


916.76 


211.56 


1360.97 


1667.96 


217.56 


365.95 


71.63 


166.50 


1006.04 


71.63 


223.56! 


3509.87 


1087.80 


2562.62 


1305.36 


145.04 


6 


14339.03 


II  II  1 


74.52!  1 


72.521  2 


72.521  1 


52.93! 


72.52! 


73.561 


73.19 


74.52 


145.04 


72.52 


1856.66 


2030.56 


158.79 


72.52 


73.86 


292.76 


14328.67 


/  /  /  /960/240 


41 

2i 

74.971 

48 

i  3598.56 

16.33!  48! 


3576.96 


3609.12 


3576.96 


783.84 


15145.44 


a 


Improved  Package  A 


Order 


6/9/25/2/5/1 


Ply  I  I  Patterns  in 


order 


Size 


47 


Pattern 


Length 


Total  inches 


in  order 


72.52 

1 

72.52 

72.52 

1 

72.52 

72.52 

1 

72.52 

71.19 

51 

355.95 

lEEESEQESEISESi 


72.52 

1 

72.52 

72.52 

1 

72.52 

72.52 

1 

72.52 

71.19 

5 

355.95 

IE3E2E2ESEEE3I 


200/200/200/200/200/200  I  47 


74.52  6 


69.26  14 


72.52 


72.52  8 


72.75  6 


27.75  201 


72.52 


72.52  6 


74.52 


74.52 


72.751 


74.52 


71.41 


75.19 


70.97 


53.45 


72.52! 


73.411 


54.19! 


71.191 


73.861 


73.19 


70.52 


447.12 


969.64 


507.64 


580.16 


436.50 


555.00 


507.64 


435.12 


521.64 


521.64 


370.51 


447.12 


1504.23 


436.50 


521.64 


71.41 


75.19 


70.97 


53.45 


942.76 


440.46 


332.76 


74.08 


325.14 


355.95 


1920.36 


951.47 


352.60 


573.51 


573.51 


14728.70 


Improved  Package  A  <con't> 


Order  I  Ply 


Patterns  in 


order 


Pattern 

Total  inches 

Length 

Ply 

in  pattern 

in  order 

lEQESEQEmEIDEBI 


IEHE3EHEDEDCEI 


163/239/599/45/124/30  I  47 


mmmmm 

HEEIli 


74.52  40 


74.521  15 


71.63  15 


52.93  15 


73.86  5 


71.41  20 


71.63  15 


72.521  15 


5 


72.52 


73.191  5 1 


72.52 


72.52 


71.63 


70.30 


70.521 


69.191 


74.52 


71.631 


72.52 


72.52 


70.52 


72.521 


69.261 


71.63 


15.31 


71.63 


73.41 


71.191 


71.861 


2980.80 


1117.80 


1074.45 


793.95 


369.30 


1428.20 


1074.45 


1087.80 


358.15 


362.60 


3593.00 


365.95 


14606.45 


447.12 


145.04 


72.52 


1432.60 


70.30 


564.16 


69.19 


298.08 


859.56 


290.08 


72.52 


141.04 


145.04 


138.52 


859.56 


30.62 


71.63 


146.82 


2135.70 


215.58 


71.86 


71.19 


71.41 


53.19 


71.41 


121 

891.60 

6 

431.16 

23 

1637.37 

10 

714.10 

10 

531.90 

1 

71.41 

14405.35 


Improved  Package  A  (con't) 


Order 


Ply 


Height 


I  Patterns  in 


order 


Pattern 

Total  inches 

Length 

Ply 

|  in  pattern 

in  order 

IE3ESEnEEESE3l 


/  /  /  /960/240 

48 

iEHE2E3ESE3CSj 


IE3E3E3E3ESE3 


71.631 


74.52 


72.52 


71.63 


71.63 


70.52 


69.41 


74.52 


72.521 


70.52 


72.52 


71.631 


74.52! 


72.52 


61.76 


71.63 


71.63 


74.75 


71.86 


71.191 


71.41! 


73.86 


53.69 


63.03 


27.75 


53.45! 


74.971  48 


56.97  12 


74.521  361 


74.52  36 


74.97!  36 


75.191 


56.97 


71.63 


149.04 


217.56 


358.15 


71.63 


564.16 


69.41 


447.12 


72.52 


211.56 


145.04 


145.04 


429.78 


447.12 


73.19 


72.52 


61.76 


286.52 


71.63 


598.00 


862.32 


7332.57 


928.33 


73.86 


375.83 


63.03 


55.50 


160.35 


3598.56 


683.64 


2682.72 


2698.92 


2682.72 


2698.92 


3609.12 


683.64 


4471.20 


899.64 


5382.00 


14415.17 


15045.48 


15045.60 


Improved  Package  A  <con't) 


Order 


/  /  /  n  200/ 


Patterns  in 


Height  I  order 


Size 


Pattern  ! 

Total  inches 

Length 

Ply 

in  pattern  j 

in  order 

EQE2ESESEn3EE}l 


30 

32 

29.77 

36 

1071.72 

74.52 

48 

3576.96 

56.97 

48 

2734.56 

74.52 

48 

3576.96 

74.52 

24 

1788.48 

74.52 

36 

2682.72 

ededesesi 


I  Size  30  32 


72/144/360/360/144/72  48 


IECTE3EaE2ESESE] 

mmammmmn 

lEEin 

timmmm 


29.77! 


74.52 

108 

8048.16 

74.52 

84 

6259.68 

mmmmi 


74.52 

24 

1788.48 

72.52 

24 

1740.48 

71.63 

6 

429.78 

72.52 

30 

2175.60 

72.52 

24 

1740.48 

69.63 

6 

417.78 

72.52 

24 

1740.48 

71.63 

12 

859.56 

71.63 

6 

429.78 

71.63 

12 

859.56 

70.52 

12 

846.24 

71.86 

6 

431.16 

72.08 

6 

432.48 

73.86! 

72 

5317.92 

72.52 

72 

5221.44 

53.94 

72 

3883.68 

15431.40 


15022.32 


13891.86 


14423.04 


Package  B 


Order 


6/9/25/2/5/1 


Ply 


Height 


Patterns  in 


order 


ieseeieqesezdi 


Pattern 

Total  inches 

Length 

Ply  : 

in  pattern 

in  order 

71.19 

6 

427.14 

55.96 

2 

111.92 

55.96 

1 

55.96 

itcrimEHsraicEii 


71.19 

6 

427.14 

55.96 

2 

111.92 

55.96 

1 

55.96 

200/200/200/200/200/200  I  47 


72.52 


II  72.52 


1  II  72.52 


163/239/599/45/124/30  |  47 


SlcglEFIREli 

n 


36  38 


IE2E3E1EEEEI 


47 

3408.44 

47 

3408.44 

47 

3408.44 

47 

3408.44 

12 

870.24 

IESE0EHEIE3EDE3I 


ESI 


71.19  41 


73.64 


41.62 


7832.16 


6671.84 


71.19 

47 

3345.93 

71.19 

47 

3345.93 

71.19 

47 

3345.93 

71.19 

8 

569.52 

72.97 

41 

2991.77 

42.88 

14 

600.32 

41.62 

IKS 

166.48 

29.52 

2 

59.04 

29.27 

1 

29.27 

595.02 


595.02 


14504 


14504 


14454.19 


7688.52 


2918.79 


2991.77 


515.48 


166.48 


73.64 


14354.68 


Package  B  Con't 


Order 


/  /  /  /960/240 


Ply  I  I  Patterns  in 


Height  |  order 


Size 


48 


Pattern 

Total  inches 

Length 

iPly 

in  pattern 

I  in  order 

74.75 

48 

3588 

74.75 

48 

3588 

74.75 

48 

3588 

74.75 

48 

3588 

75.861 

81 

606.88 

lEHESEHESESEJI 


/  /  /  /i  200/ 


IEEESEQESESEEI 


72/144/360/360/144/72  48 


ifeMKcHicgiic^diciijErai 


IWffWkMEElETIKTHKTnETfli 


14958.88 


74.75 

108 

8073 

74.75 

84 

6279 

75.86 

8 

606.88 

14958.88 


74.52 

48 

3576.96 

74.52 

48 

3576.96 

74.52 

48 

3576.96 

74.52 

48 

3576.96 

74.52 

8 

596.16 

74.52 

108 

8048.16 

74.52 

92 

6855.84 

14904 


14904 


72.52 

48 

3480.96 

72.52 

48 

3480.96 

72.52 

48 

3480.96 

71.41 

36 

2570.76 

75.86 

12 

910.32 

13923.96 


72.52 

108 

7832.16 

72.52 

36 

2610.72 

71.41 

36 

2570.76 

75.86 

12 

910.32 

13923.96 


Improved  Package  B 


Order 


6/9/25/2/5/1 


Patterns  in 


order 


IE3E3E3E13EEEDI 


Pattern 


Length  |  Ply 


IEEEQEQEEEEEEI 

inEEBj 

■em 


200/200/200/200/200/200  I  47 


ieseseqeeioeei 


72.52!  47 1 


72.52!  47 


72.52  47 


72.521  121 


72.52!  1081 


Total  inches 


in  order 


72.52 

2 

145.04 

72.52 

1 

72.52 

72.52 

1 

72.52 

69.26 

1 

69.26 

70.97 

1 

70.97 

71.41 

1 

71.41 

71.19 

1 

71.19 

72.52 

2 

145.04 

72.52 

1 

72.52 

72.52 

1 

72.52 

69.26 

1 

69.26 

70.97 

1 

70.97 

71.41 

1 

71.41 

71.19 

1 

71.19 

572.91 


572.91 


3408.44 


3408.44 


3408.44 


3408.44 


870.24 


7832.16 


6671.84 


14504.00 


14504.00 


Improved  Package  B  (con't) 


Order  I  Ply  |  !  Patterns  in 


Height  |  order 


Size 


/  /  /  /960/240  I  48 


jcMfcVjicEiKr.iETnETfli 


Pattern 

Total  inches 

Length 

Ply 

in  pattern 

in  order 

IEHEDE3EHE3I 


IfcMitEilKTaKTnETfli 


72/144/360/360/144/72  |  48 


j  Size  130132 


74.97 


74.971 


74.52 


75.86 


74.97 


74.52 


74.52 


74.52 


74.52 


74.52 


■  ■■■■■■■ 


EC3EE3B3I 

■■ebi 

pEH 

iiiB 

■■■■I 

II 

im 

in 

iesebehsdbdEi 

■HEEig 

mmmmmmi 


72.52 


72.52 


71.63 


73.40 


72.52 


71.63 


72.521 


3598.56 


3576.96 


3598.56 


3576.96 


606.88 


14957.92 


96 

7197.12 

96 

7153.92 

8 

606.88 

14957.92 


48 

3576.96 

48 

3576.96 

48 

3576.96 

48 

3576.96 

8 

596.16 

14904. 


m\ 


8048.16 


6855.84 


14904.00 


48 

3480.96 

48 

3480.96 

12 

859.56 

36 

2610.72 

12 

880.80 

36 

2610.72 

13923.72 


7832.16 


859.56 


2610.72 


880.80 


1740.48 


13923.72 


